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CHAPTER 1

INTRODUCTION

Background

Estimating costs for research and development (R&D)
programs is a difficult task for Department of Defense (DoD)
project managers as well as for their civilian counterparts.
One of the primary factors for the difficulty lies in the
risk and uncertainty normally associated with R&D programs
(20:6). In the manufacture or production of an item with
relatively few parts, well defined specifications, and a
relatively short production time, the labor and material
costs can generally be calculated quite accurately and with
a low degree of risk and uncertainty (13:32).

On the other hand, in cost estimating for the re-
search and development of a new weapons system, such as an
advanced fighter aircraft where only perfbrmance specifica-
tions are defined, where thousands of parts and components
are involved, and the development effort extends over
several years, the risks and uncertainties can significantly
increase. Other factors which can contribute to the uncer-
tainty of the R&D cost estimate are: inflation, requirement
changes, schedule delays, and policy changes (22:p 7.35).
Due to these uncertainties the actual cost of the project
can differ substantially from the original estimate.

Because future funding requirements for R&D programs are




largely determined by the initial or baseline cost estimates,
it is critically important for project managers to minimize
controllable error in cost estimating (21:1).

Since the early 1960's a family of management
information and reporting systems used by DoD managers
during the acquisition of major weapon systems has steadily
evolved (18:2). As a result, historical cost data are
available for estimating costs for future programs and
numerous cost models have been developed (14:166-200).

There are two classes of commonly used estimating technigques
that are appropriate for R&D programs. These are (1) costing
by analogy, in which the costs of similar systems are used
for the estimate; and (2) cost estimating relationships
(CERs) which are equations relating cost to system perform-
ance characteristics (16:145; 23:pp 1ll-1 to 11-7). These
techniques do not guarantee accuracy because of uncontrol-
lable factors such as inflation or a sudden price increase

of foreign procured raw materials (15:70; 24:24-27). The
models do, however, assist the project manager in estimating
costs when many input variables are involved. Unfortunately,
the cost estimating techniques and models apply primarily to
the acquisition of major weapon systems and their sub-
components.

Within Air Force laboratories estimating costs for
new projects becomes less precise and systematic. These
laboratories are engaged primarily in exploratory development
programs, which by their very nature, are more uncertain

2
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with regards to achieving their objectives than major weapons
systems that have precisely defined and quantified ébjec—
tives (2:1). (See Appendix A for the definition of an
exploratory development program.)

An example of an objective for an exploratory
development program would be: "To develop a solid rocket
propellant for the Space Shuttle boosters that will produce
10% more thrust than the current propellant." Of course,
additional pe¢- formance specifications, such as the specific
impulse to achieve the desired thrust level and the mechani-
cal properties required of the propellant, would be avail-
able to narrow the scope of the effort. However, the
laboratory project manager is faced with many questions when
estimating costs for this project. Bow does the manager
determine the number of manhours required to develop this
new propellant that is pushing the state-of-the-art? How
many variations and combinations of the propellant ingre-
dients are required before the desired level of performance
is achieved? 1If the performance level is achieved, will the
mechanical properties requirements be met? If not, how many
additional combinations of ingredients are needed before
both performance and mechanical properties requirements are
achieved? 1In short, the level of effort required to achieve
the project's goals is unknown.

How then does the project manager estimate costs
for laboratory work units with any degree of accuracy? A
review of Air Force directives and discussions with senior

3




laboratory management indicates there is virtually no
guidance to assist the project manager (17:telephone inter-
view). Thus, the project manager is often faced with
estimating the costs of a new project for which the level of
effort is not specifically identified and with limited
direction or standardized procedures to follow. As with
major weapon systems acquisitions, laboratory management
also expects the baseline estimate to be accurate as future
funding requirements are based on that estimate (9:1, 10:1).
For the seasoned project manager cost estimating may not be
a significant problem as experience substitutes for the lack
of guidance. However, for the inexperienced military or
civilian engineer/scientist new to the laboratory environ-

ment the cost estimating dilemma may be especially acute.

Problem Statement

Laboratory projects managers have no validated/
standardized methods of estimating exploratory development

costs.

Objectives

The primary objective of this thesis is to determine
what methods, techniques, or guidelines are commonly used in
estimating costs for exploratory development projects. The

secondary objectives are to:




1. Identify factors which contribute to the

variance between the project manager's estimate and the
offeror's proposed costs.

2. Identify weaknesses or limitations in the
current cost estimating procedures and develop recommenda-

tions for improvement.

Hzgothesis

The single hypothesis to be tested in this thesis
is that formal guidance to assist the project manager in
estimating costs for new work units is very limited or

nonexistent.

Research Questions

Five research questions will be addressed which
supplement the primary and secondary objectives of this
thesis. The research questions, which will be identified
throughout this thesis by their corresponding numbers, are
as follows:

l. 1Is there a relationship between the type of

work unit performed (studies, hardware, or test) and the

method emploved to estimate costs?
2. 1s there a relationship between cost estima-

*
ting accuracy and the type of work unit performed?

*

For the definition of "accuracy" see the section
entitled Factors Contributing to Cost Estimating Accuracy
and Difficulty in Chapter 3.




3. 1s there a relationship between cost estima-
ting accuracy and the number of offerors the project
managers generally does business with?

4. 1Is there a relationship between by accuracy
of the overall estimate and the level of detail exercised in
estimating the costs?

5. Which cost estimate is generally higher, the

project manager's or the offeror's?

Format of Thesis

Chapter 2 develops the methodology used to
collect and analyze the data required to determine the cost
estimating approaches. The scope of the effort is des-
cribed which includes discussions of the laboratories
participating in the study, data gathering methods
considered, and sample size. The rationale for each of the
interview questions is then presented in detail and the
guestions used to address the hypothesis and research
questions are identified. The chapter concludes with a
discussion of the limitations of the research effort.

In Chapter 3 the responses to each of the inter-
view questions are analyzed and the results discussed. The
responses pertaining to the hypothesis and research
questions are also addressed and findings reported.

The final chapter, Chapter 4, presents major
conclusions drawn from the research effort and based on

those conclusions, recommendations for improving the
6




laboratory cost estimating process. The recommendations

are based on both the author's own opinions and recommenda-

tions provided by the project managers interviewed.




CHAPTER 2

METHODOLOGY

This chapter discusses the methodology used to
collect and analyze the data required to determine the cost
estimating approaches employed for Air Force laboratory
work units. Initially, the scope of the effort is discussed
covering the laboratories participating in the study, data
gathering methods considered, sample size, and experience
criteria established for the project managers interviewed.
Next, the rationale for each of the thirty-five questions
is presented in detail and the questions used to address the
hypothesis and research questions are identified. Finally,

the limitations of the research effort are addressed.

Scope

The data collection method to determine the tech-
niques employed by project managers in estimating costs for
new work units was a structured personal interview cof
selected laboratory project managers. The interview also
incorporated questions designed to identify weaknesses in
the current cost estimating processes and elicit recommenda-
tions for improvement. The interview, consisting of thirty-
five questions, can be found in Appendix B.

Several other data gathering methods were
considered prior to selecting the interview method. A

questionnaire, in which respondents are given a choice of

8
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several alternatives, was rejected. The primary disadvan-
tage of this type of questionnaire was felt to be its lack
of flexibility. In some instances a project manager could
be forced into choosing a particular alternative, even if
it did not apply, for lack of a suitable choice. An open-
ended questionnaire requiring project managers to write-in
their own response was also ruled out. Due to the time
constraints most project managers face, it was felt a
limited number of project managers would reply to this type
of questionnaire. Thus, the interview was considered the
most acceptable method of data collection because: The
interviewees were not forced to choose between alternatives;
they could be as candid as they desired with their responses;
and once agreeing to be interviewed - were committed to
completing the interview.

The laboratories selected for this study were the
Alr Force Armament Laboratory, Eglin Air Force Base,
Florida; the Air Force Rocket Propulsion Laboratory,
Edwards Air Force Base, California; the Air Force Weapons
Laboratory, Kirtland Air Force Base, New Mexico; and the
four component laboratories of the Air Force Wright Aero-
nautical Laboratories (AFWAL), Wright-Patterson Air Force
Base, Ohio, which include the RAero Propulsion, Avionics,
Flight Dynamics, and Materials Laboratories. These seven
laboratories were selected primarily on the basis of their

emphasis on exploratory development work units pertaining
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to engineering and the physical sciences. Additionally,
the AFWAL were selected because of their proximity to the
Air Force Institute of Technology (AFIT).

The single hypothesis to be verified in this
study is that formal guidance to assist the project manager
in estimating costs for new work units is very limited or

nonexistent. The project manager must rely almost entirely

on his own experience or, if a novice project manager, the
guidance of seasoned project managers or experienced
supervisors. The researcher's own three and one-half years
of project managementvexperience, preliminary discussions
with AFWAL management, and test interviews with five project
managers at the Rocket Propulsion Laboratory and the Air
Force Engineering and Services Center, Tyndall Air Force
Base, Florida, provided initial support for the hypothesis.
As a result, it was decided that minimum information con-
cerning cost estimating methods could be obtained from
inexperienced project managers and the decision was made to
interview only those project managers with a specified
level of experience.

The criteria qualifying a project manager as
"experienced" were:

1. Minimum of three years of project management
experience at an Air Force laboratory.

2. Estimated costs for at least three laboratory

work units.




For the purpose of this study, project management experi-
ence in the context of criteria one, consists of the
planning, organizing, and managing the technical and
financial aspects of Research and Development (R&D) work
units. Furthermore, these criteria were selected in order
to include military project managers who generally tend to
leave the laboratory at thé four year point.

A total of forty-five project managers were
interviewed from the seven laboratories with an average of
approximately six interviews per laboratory. The specific
number of project managers interviewed at each laboratory
is found in Table 2-1. During the five test interviews,
the quantity of material provided by the project managers
and the speed of their delivery precluded manual note
taking. Consequently, the majority (43) of the interviews
were electronically recorded with a cassette recorder. All
project managers were asked their permission to record the
interview, prior to starting.

Initially, the AFWAL interviews were conducted in
the project manager's office. 1In those instances, the
quality of the recordings varied considerably as a function
of background noise and the distance the project managers
were from the recorder. To avoid this problem, the
remaining AFWAL interviews were conducted telephonically
and recorded through the use of a pick-up device. All

Armament, Rocket Propulsion, and Weapons Laboratory

interviews were also conducted by telephone and recorded.
11
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TABLE 2-1:
LABORATORY

Aero Propulsion
Armament

Avionics

Flight Dynamics
Materials

Rocket Propulsion

Weapons

MEAN (X) = 6.4

Interviews per laboratory

12

TOTAL

NUMBER

45




Again, all project managers interviewed by telephone were

asked their permission to record the interview.

The Interview

As stated previously, the interview was designed
to determine the cost estimating methods used by project
managers, identify weaknesses or limitations in the cost
estimating process, and provide recommendations for
improvement. This section provid=s the rationale for each
of the thirty-five questions.

Questions 1 through 5 provided demographic data
on the experience level of the project managers interviewed,
and the R&D category and dollar value of the work units for
which costs were estimated. Definitions of the R&D cate-
gories of research, exploratory development, and advanced
development can be found in the Glossary of Laboratory
Terms (Appendix A). Laboratory work units can generally
be classified under one of these categories, with the

majority classified under exploratory development;

Question 6, the final demographic gquestion, asked
the project managers to classify their work units as either
studies, hardware oriented, or test oriented. Work units
classified as studies are those in which a new concept or
variation of an old concept is explored and only a certain
level of effort is required. Studies normally do not
include fabrication or testing of components and the end
items for a study would generally consist of a final

13




report. Hardware work units are defined, for the purpose

of this thesis, as those in which components are fabricated,
such as a project where a limited number of novel jet
engine compressors are the end items. Test oriented work
units would generally consist of projects in which a
component or several components are subjected to repeated
environmental testing. Thus, the data from Question 6 was
used to address the first two research questions:

1. Is there a relationship between the type of
work unit performed and the method employed to estimate
costs?

2. Is there a relationship between cost estima-
ting accuracy and the type of work unit performed?

Question 7 required the project managers to esti-
mate the number of bidders generally responding to their
Requests for Proposals (RFP). The purpose of this gquestion
was to address the third research question: 1Is there a
relationship between cost estimating accuracy and the
number of contractors the project manager generally does
business with? The underlying assumption is that the fewer
the contractors the more familiar the project manager
becomes with the contractor's method of operation, as well
as with the labor and overhead costs.

Question 8 was designed as a broad guestion to
determine the general method or methods project managers
used to estimate costs. In order to have the interviewees

respond in general terms, they were given five choices of
14




either historical data, models, handbooks, regulations, or

other methods. An alternate motive for using the five

choices was to identify specific sources of cost estimating
methods or guidelines indigenous to the particular labora-
tory. If specific methods could be identified they would
be combined in a single source. This would provide the
inexperienced project managers with a choice of several
methods which could be used as given or adapted to suit
their particular needs.

Question 9 simply sought to identify the method(s)
used to estimate the manpower required to accomplish the
objectives of a project. Since labor was assumed to be a
major cost factor in most laboratory work units (See
Question 20), the labor estimating methods identified
through Question 9 could provide valuable information.
However, because initial research of current Air Force
Regulations, Air Force Systems Command Regulations, and

individual laboratory procedures did not reveal any

definitive guidance for estimating labor, it was assumed
experience or use of historical data would be the major i
methods employed.
Question 10 was an attempt to determine if project
managers estihated labor in detail. At some laboratories
the project managers are required to divide the labor
estimate into two distinct categories of engineering labor
and manufacturing labor. Then, each category must be |

broken out into numerous education and experience levels. !
15 i




An excellent example of an education and experience
category breakdown can be found in the Air Force Flight
Test Center (AFFTC) Form 296, completed by project managers
at the Rocket Propulsion Laboratory (See Appendix D). The
results from Question 10 would also be one of several
questions which address the fourth research question: Is
there a relationship between the level of detail in estima-
ting costs and the accuracy of the overall estimate?

Questions 11, 12, 13 and 18 asked the project
managers to identify their sources of the various rates,
such as labor rates, overhead rates, and general and
administrative (G&A) rates. The primary objective of these
questions was to determine if laboratories have access to
an office or organization that provides rate information
or whether project managers are even aware that such an
office is at their disposal.

Questions 14, 15, 16 and 17 were incorporated in
the interview to determine the estimating techniques
employed for other project costs including materials, tool-
ing and special equipment, travel, and computer costs,
respectively. It was assumed that a response for each of
the four cost items would not necessarily be provided by
every interviewee. The assumption was based on the knowl-
edge that some cost items, such as computer or tooling,
do not apply to every work unit. Similar to the labor
estimate question (Question 8), if specific methods could

be identified for these cost items, this study would
16




combine them in a single source, thus, providing the in-
experienced project manager with a choice of methods.
However, as with Question 9, it was assumed experience or
use of historical data would be the major methods employed.

Question 19 sought.to establish if the project
manager receives input from potential offerors regarding
the overall cost or any specific costs of the work unit
under consideration. This gquestion was added after several
test subjects indicated open cost discussions with
potential offerors produced more accurate cost estimates
than when costs were not discussed with potential offerors.

Question 20 asked the project maangers to identify
the main cost driver in their work units. The objective of
this question was to provide insight' as to where project
managers might focus their efforts on reducing cost esti-
mating errors. The information would also guide the
inexperienced project managers in concentrating on the
major cost items when estimating costs. Finally, Question
20 attempted to verify the assumption that manpower is the
major cost factor in most laboratory work units (See
discussion of Question 9).

Questions 21 and 22 were aimed at détermining if
the Job Order Cost Accounting System (JOCAS) is a useful cost
estimating tool for laboratory project managers. JOCAS is
an accounting system prescribed by Headquarters US Air

Force (25:1; 5:1). According to Air Force Systems Command

Pamphlet 177-3 [3:2]:
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The basic purpose of operating the JOCAS is to
identify the total cost of specific efforts and organi-
zations and create a cost consciousness in the R&D
manager. Once identified, the cost information has
numerous uses including assisting the manager to budget,
allocate, recoup, and analyze his initial financial
resources.

In addition, Air Force Systems Command Manual 177-265 [5:2]
states tine information provided by the JOCAS must be used:

«.ss+ to support job estimating and reimbursement
billings and can be used to measure productivity, develop
performance and cost standards and to determine where
management emphasis should be directed.

Question 21 and 22 are based on the premise that project
managers do not use the historical data generated by JOCAS
for the purposes described in AFSCP 177-3 and AFSCM 177-265,
at least not for contractual work units. The researcher's
own experience and similar experiences by project managers
participating in the test interviews provided the initial
support for the suppositions. If the results support the
assumption that JOCAS is not a useful cost estimating tool
for contractual work, then laboratory management may consider
either updating the system to provide useful cost data or
eliminating it entirely for contractual efforts.

Question 23 was made a part of the interview to
ascertain if project managers use any particular form or
format to either assist or to record their estimates. The
rationale behind this question is that the use of these
forms force the project manager to break out costs for

items such as labor, overhead, materials, and travel. As

a result, the overall estimates are more accurate and
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provide a baseline departure point for evaluating a bidder's
proposal. Responses to this gquestion, in conjunction with
the responses to Question 10, help to answer the fourth
research question stated previously.

Question 24 is a continuation of Question 23 and
was asked to determine if the project manager retains the
initial cost estimate for future reference. Retention of
the estimate would be beneficial for several reasons:

1. The old estimate could help in estimating
costs for a new work unit of a similar nature.

2. The estimate could serve as a baseline for
evaluating an offeror's proposal.

3. Retention of the estimate is required by Air
Force Systems Command and laboratory directives (l:1; 7:1;
9:1; 10:1).

Questions 25, 26, 27, and 28 all pertain to the
variances between the project manager's cost estimate and
the project costs proposed by the bidders. Question 25
attempted to establish the general magnitude of the
variance. The responses to this question would also
provide the data to answer the fifth research gquestion:
Which cost estimate is generally higher, the project
manager's or the offeror's? Based on the researcher's
experience and responses of the test subjects the assump-
tion was made that the offeror's costs would generally be

higher.




Question 26 was considered to be one of the more
important questions of the interview, in that the responses

would provide valuable insight as to the causes of the

variance. 1If, in fact, project managers are repeatedly

incorrect in their estimates by 10% or more, budgeting
funds for outyear programs becomes difficult for laboratory
management. Thus, for planning purposes, the laboratories
should benefit if causes of variance are identified and
the solutions result in decreasing the variance magnitude.
The test interview responses to Question 26
prompted the incorporation of Question 27. Four of the
five test interviewees indicated misinterpretation of the

Statement of Work (SOW) was a contributing factor to the

variance between their estimate and the bidder's proposed
costs. If a large majority of the forty-five project
managers considered misinterpretation of the SOW to be a
problem, then perhaps, project managers and laboratory
management should focus on producing SOWs whose content
and phraseology clearly define the objectives, scope, and
performance requirements of the effort.

Question 28 attempted to ascertain if project
managers make a concerted effort to determine where the
variances exist between their estimate and those of the
bidders. This question was developed on the assumption
that identification of past variances would reduce future

variances.
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Question 29 was added to the interview to deter-
mine if project managers compared their original estimate h
and/or the offeror's original estimate to the final cost of
the contract. If an offeror's proposed costs are suffi-
ciently high, such that the project cannot be funded, then
the costs are negotiated between the government and the
bidder. Some project managers claim knowledge of instances
where the offeror's reduce their proposed costs in order to
remain competitive, knowing their proposed level of effort
cannot be completed at the new cost without-a cost growth
or overrun. This situation is often refered to as "buying
in" to a project. If project managers do, in fact, compare
the original estimates with the actual costs, it was
desired that additional information about the "buying in"
practice could be obtained.

Questions 30 and 31 simply attempted to establish
if project managers are satisfied with the information and/
or tools at their disposal to estimate costs and if they
have adequate time to prepare the estimates. The primary
objective of Question 30 was to specifically identify the
information project managers felt was lacking or the tools
they would like to have available. Question 31 was in-
serted as a result of some test interview responses
indicating sufficient time was not available to perform
an adequate cost estimate.,

Question 32 sought to determine if project

managers purposely estimate costs conservatively or add
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a contingency factor to their estimates. Such practices
could avoid the embarassement of continually underestima-
ting project costs. Because of the assumption that bidders
generally propose higher costs than the project manager's
estimate (See discussion of Question 25), this question
was added to determine how project managers compensate for
the variance if their estimates are repeatedly low. If
numerous project managers resort to the use of a
contingency factor, a secondary objective of Question 32
was to establish the specific factors currently being
used.

Question 33 asked the project managers if they
were constrained by earlier cost estimates, such as those
made during the planning c¢ycle. Within the AFSC
laboratories planning for new programs, as a rule, occurs
several years prior to the actual start of the project.
During the planning cycle project managers propose new
projects they feel would advance technology or solve a
current military problem. At this time the project
manager is also required to provide an estimate of the
project costs. With this planning scenario in mind, two
assumptions concerning the original estimate are made.
The first is that, in many instances, these estimates are
made in haste due to time pressure resulting from in-
creased workload of the planning period. Several years
later, when funding becomes available the project manager

performs another estimate, often in considerable detail.
22




Due to industry rate increases and inflation during the
interim period or as a result of a more realistic estimate,
the original cost assessment may differ substantially

from the second estimate.

The second assumption is that project managers
are forced to abide by the original estimate due to budg-
etary constraints. Consequently, the scope of the effort
must be reduced or, if the project is funded at the higher
cost, the project must be extended over a longer time
frame. Thus, the overall costs increase. Question 33
attempted to determine if the above scenario does occur and
if project managers consider the situation a problem worthy
of management attention.

Questions 34 and 35 were expected to provide the
most useful information generated by this study. The pro-
ject managers were provided an open forum to discuss their
perceptions of the weaknesses in the cost estimating
process. In addition, they were given the opportunity to
make recommendations for improvement. The objective of
these questions was not to find fault with any particular
laboratory but to determine common problems encountered by
project managers from diverse laboratories and provide

common solutions or recommendations.

Data Analysis

The responses to the guestions were tabulated and

compared to determine the common methods used to estimate
23
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total project costs and the various cost components. The
same approach was used to answer the single hypothesis, the
research questions, and assumptions. Finally, the problems,
weaknesses, and limitations identified by the interviewees
and recommendations for improvement are listed.

Due to the non-numerical nature of the majority
of the data statistical analysis was not conducted, with
the exception of simple mean (average) calculations.

Linear regression and correlation analysis was not conducted.

Limitations

Limitations with regards to the scope of the
research effort and the methodology by which the data was
collected and analyzed are discussed in the following
paragraphs.

This study was not an attempt to arrive at a
universal cost estimating method applicable to all Air
Force laboratories, nor was the objective to solve all the
problems of the cost estimating process. From the onset,
it was realized that each laboratory has a unique mission
and has some autonomy in the manner in which it conducts
its day-to-day operations. After conducting interviews
with several individuals in one laboratory it became
apparent that procedures even vary between divisions within
a laboratory. Therefore, this thesis effort was conceived
as an initial investigation that would pave the way for a

series of follow-on research efforts. It is the desire of
24




this author that further research efforts, such as the AFIT
thesis program, continue this effort with the end product
being a simple cost estimating model or technique applicable
to the majority of the Air Force laboratories.

The second limitation concerns the approach used
to gather data. As discussed earlier in this chapter, the
use of a questionnaire was rejected because the method
lacked flexibility. While the interview method has the
distinct advantage of being flexible, the disadvantage lies
with the diversity of the responses. Thus, some of the
data cannot be neatly grouped into a set of clear-cut
responses from which general observations can bhe derived.
As an example, Question 26 attempts to establish the major
factors that contribute to the cost variance between the
project manager's estimate and the bidder’'s proposed costs.
The summary of responses for Question 26 in Appendix C lists
14 separate responses. Obviously, with so many varied
answers, only the most general conclusions can be drawn.
Only through sampling of a very large population could the
major factors be separated from the less significant ones.
However, the time consuming nature of the interview (15-30
minutes) precluded interviewing a large number of project
managers.

Another limitation concerns the interview method
itself., Again, it was mentioned earlier in this chapter
that the majority of project managers were interviewed by

telephone. The use of this method resulted in clear,
25




static free recordings. However, interviews by telephone
could have resulted in less than candid responses. Two
project managers refused to be interviewed by telephone
because they could not verify the researcher's identity.
After being interviewed in their offices they informed the
researcher that they feared a potential contractor, posing
as an AFIT graduate student, was attempting to gather
sensitive information concerning government cost estimating
procedures or procurement practices. Therefore, they would
not conduct the interview by telephone. While, the
researcher always clearly identified himself and the
individual who recommended the project manager to be inter-
viewed, doubt concerning identity could still remain.
Consequently, all interviewees may not have been completely
straightforward or honest with their responses.

The final limitation is that two cost items
generally associated with laboratory work units, were
inadvertently omitted from the interview. The items were
subcontracting costs and fee. However, none of the forty-
five project managers indicated subcontracting costs or fee
was a major cost driver in their work units (See Question
20, Appendix C). In addition, only two project managers
said fee or subcontracting costs were a primary factor for
the variance between their estimates and the offeror's
costs (See Question 26, Appendix C). Therefore, it appears
exclusion of these two cost items did not degrade the
quality of research by any significant degree.
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Summary

This chapter presented the methodology used for
collection and analysis of the data necessary to determine
the approaches commonly used in estimating costs for Air
Force laboratory projects. The scope of the effort was
discussed including the laboratories participating in the
study, the data gathering methods considered, sample size,
and experience criteria required. The rationale for each
of the guestions was then presented and the questions used
to address the hypothesis and research questions were
identified. As a final item, the limitation of the research

effort were addressed.
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CHAPTER 3

RESULTS AND FINDINGS

Introduction

In this chapter the responses to the 35 interview
questions are analyzed and the results discussed. A
detailed summary of each question is available in Appendix
C and abbreviated summaries are presented in this chapter as
required. Additional tables and graphs comparing various
answers and supporting the hypothesis and research questions

are also provided.

Demographics

Questions 1 through 6 were incorporated into the
interview to gather demographic information on the popula-
tion of project managers interviewed. Question 1 sought to
establish the grade/rank structure of the interviewees. As
anticipated, experienced military project managers were not
as numerous as their civil service counterparts. Of the
forty-five project managers interviewed, exactly one-third
were military and the remaining civil service. The rank
mix of the military project managers consisted of approxi-
mately one-half (53.3%) captains with the balance divided
almost equally between first lieutenants and majors. There

were no project managers below the grade of first lieutenant
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or above the grade of major interviewed.* The majority
(23) of the thirty civilian project managers interviewed
held the grade of GS=-13. The remainder consisted of three
GS-12s and four GS~-l4s. No project managers below the
grade of GS-12 or above GS-14 were interviewed.

All respondents satisfied the experience criteria
of three years of project management responsibility at an
Air Force laboratory and having estimated costs for a
minimum of three laboratory work units. If either criteria
was not met, the interview was terminated. Most project
managers had considerably more years of project management
experience than was required. More than 75% had at least
five years of experience and more than 50% had been
laboratory project managers for 15 years or more. However,
the military respondents were the least experienced as
shown in the summary of Question 2 in Appendix C. The
average number of years of project management for this group
was 5.3 years compared with 16.9 years for the civilian
respondents, Only two project managers estimated costs
for the minimum of three work units while 64.4% estimated

costs for ten or more work units during their years as

*Second lieutenants and civilians below the grade
of GS-12 were not specifically excluded from this study. ,
In all instances the interviewees were recommended by ,
supervisors or project managers who had participated in the
interview, Two second lieutenants were recommended but did
not satisfy the experience criteria. As a result, their
interviews were termincted after Question 3.
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project managers. The two managers with the minimum of
cost estimating experience were both military, one first
lieutenant and one captain. However, the remaining
military, excluding these two, had considerably more
experience with a mean of 17.5 work units.

In Chapter 1 it was observed that cost estima-
ting in Air Force laboratories is difficult because of the
uncertain nature of the work units. The projects consist
of studies and investigations which often lack specific
requirements or specifications and result in either advan-
cing the state-of-the-art and/or resulting in a one-of-a-
kind end item. Therefore, based on the definitions in AF
Regulation 80-1 (26:2) and AFSC Regulation 80-21 (2:1),
it was assumed that the majority of laboratory work units
could be classified under the R&D category of exploratory
development. This assumption was verified by the responses
to Question 4, summaried in Appendix C. While most project
managers indicated they had managed combinations of re-
search, exploratory development, and advanced development
work units, the majority said their primary emphasis was on
exploratory development projects.

While the responses to Question 4 revealed
exploratory development work units predominated, it was
more difficult to ascgrtain whether the work units were
primarily of a studies, hardware, or testing nature.

Approximately 69% of the respondents indicated their work

units were not of any one type, rather they managed or
30




had managed various combinations of studies, hardware, or
test projects. Only 14 interviewees had not managed combi-
nations; seven classified all their work units as studies,
four as hardware oriented, and three as test oriented.
Consequently, it was difficult to answer the first two
research questions. The research questions and Question 6
are discussed in more detail in the following two sections
of this chapter.

The final background question asked the respon-
dents to give the average dollar value of their work units
(Question 5). This question was intended to furnish the
researcher with a general knowledge of the funds required to
conduct laboratory work units. Most project managers were
unable to respond with an average value because of the
diverse dollar range of their projects. Therefore, many
responded with that particular range. The only generality
gleaned from the responses is that the majority of work
units were valued at one million dollars or less. Only
three project managers indicated they consistently managed
projects in excess of one million dollars.

Cost Estimating Methods
and Technigues

In this section the responses to the various
questions regarding cost estimating methodology and
techniques, as well as the sources for some of the more

important rates, are analyzed. In conjunction with the
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analysis, the hypothesis concerning the availability of
formal cost estimating guidance will also be addressed.
Finally, this section addresses the first research question:
Is there a relationship between the type of work unit
{study, hardware, or test) and the methods used to estimate
costs?

Before attempting to ascertain cost estimating
techniques for any specific cost item, the project managers
were first queried about their general or overall cost
estimating methods. The responses to Question 8 provided
the desired information and also addressed the hypothesis
that limited formal cost estimating guidance is available
to the project managers. The responses to Question 8 are
summarized in Appendix C, and Table 3-1 furnishes a concise
listing of methods with the "experience" and "engineering
judgment" responses combined. It should be noted that many
project managers used a combination of methods, therefore,
more than 45 responses were recorded.

The hypothesis that limited formal cost estimating
guidance is available, and if available, is not used by
project managers was verified by the results.‘ Only a very
small percentage (6.7%) of the respondents used any formal
guidance and those who did, indicated their primary method
was the use of historical data from past projects or recent
cost proposals. The three respondents using pre-RFP
estimates provided by contractors also stressed historical

data or experience were their primary cost estimating
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Table 3-1: General Cost Estimating Methods

Percentage

of the 45
Method Fesponses Respondents (%)
HISTORICAL DATA 35 77.8
EXPERIENCE/JUDGMENT 20 44.4
GUIDANCE FROM EXPERI-

ENCED PROJECT MANAGERS 6 13.3
LOCAL GUIDELINES 3 6.7
PREPROPCSAL ESTIMATES

BY BIDDERS 3 6.7
LOCAL FINANCIAL ANALYSIS

OFFICE 1 2.2

TOTAL

68

NOTE: Some project managers used combinations of methods

to estimate overall costs, therefore, the responses

do not total to 45,
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techniques. The lone project manager whose estimates of
work units over $500,000 were made by the financial analysis
office at his laboratory, said previous experience and
similar past projects were his techniques for estimating
costs of smaller contracts. He also mentioned that he did
not feel the estimates made by the financial office were

any more accurate than an estimate made by a project

manager with 15 years of experience. Therefore, the data
indicates that while some project managers use formal guide-
lines or outside sources, experience and data from past work
units are the primary methods of estimating costs at the

Air Force laboratories involved in this study.

The second purpose for Question 8 was to identify
specific formal cost estimating guidelines and methods so
that they could be combined into a single source. This
compendium of guidelines would provide the inexperienced
project manager with a repertoire of methods from which to
choose. Unfortunately, of the three project managers who
used guidelines, two were from the same laboratory and used
the identical guidance. Consequently, only two methods were
actually identified and, even then, were very limited in
guidance. (The two guidelines can be found in Appendix D.)
The quidelines consisted primarily of instructions on
completing forms which contained numerous cost items or
guidance on the type of costs to consider in an estimate.

Neither gave information on the specific procedures required

to estimate labor, materials, travel, etc. Thus, one of
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the research objectives, to provide multiple cost estimating
sources was not achieved.

As stated in Chapter 2, if formal guidelines were
limited for overall cost estimating, it was assumed that
very limited guidance would be available for estimating
labor, and that experience and historical data would be the
prevalent methods employed. The responses provided by the
project managers interviewed are summarized under Question 9
in Appendix C and in a condensed listing in Table 3-2. From
Table 3-2 it is easily discernible that experience/judgment
or a combination of historical data and experience/judgment
are the primary cost estimating techniques used by the 45
project managers. Consequently, the data supports the
assumption.

The summary of Question 9 in Appendix C lists
eight different responses while only five methods are listed
in Table 3-2. The detailed breakout is civen in Appendix C
to draw attention to the fact that while experience and/or
historical data are the main factors in estimating labor,
there are different methods employed within the realm of
experience and historical data. For example, at first
glance responses a., d., and f. may appear to be quite
similar. However, response d. differs from a. in that d.
is a more detailed estimate. The respondents who answered
with response d. broke their work units into subtasks,
similar to a Work Breakdown Structure (WBS), and estimated

manhours for each subtask. This estimate differs from the
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Table 3-2: Manpower Estimating Methods

Percentage
of the 45
Method Responses Respondents (5)
EXPERIENCE/JUDGMENT ONLY 7 15.6
HISTORICAL DATA AND
EXPERIENCE/JUDGMENT 37 82.2
GUIDANCE FROM EXPERI-
ENCED PROJECT MANAGERS 1 2.2
PREPROPOSAL ESTIMATES BY
BIDDERS 4 8.9
OTHER 3 6.7

TOTAL 52

NOTE: Socme project managers used combinations of methods
to estimate labor, therefore, the responses do not

total to 45.

36




total work unit estimate of labor conducted by the a. respon-
dents in the level of detail performed. The f. responses
differ from both a. and 4. in that the estimate is made in
terms of manyears rather than manhours. The manyear
estimate, as defined by the project managers interviewed,
differs in two primary aspects from the manhour estimate:

1. The manyear estimate is a very "rough order
of magnitude"” estimate (even less detailed than the a.
type) .

2. The manyear estimate, when translated into
dollars, includes all costs such as overhead, General and
Administrative, and fee.

If the answer to the fourth research question indicates that
detailed cost estimates are more accurate than cursory
estimates, which are discussed in the following section,
then the difference in methods of estimating labor could
have some importance. Another point to consider when
comparing manyear estimates with detailed ones is that the
former estimate may be biased by overhead rates which can
vary significantly from one contractor to another.

Some project managers who estimated labor via
manyears provided additional information. Eight of the
respondents identified their manyear rates which are listed
in Table 3-3. Two respondents provided a rate for university
work units as well as an industry rate. The mean industry
rate was calculated by taking an average of the two range

values for each range response, and then averaging the eight
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Table 3-3: Manyear Rates Used by Project Managers

University Industry
Rate (Thousands §) Rate (Thousands §) Responses
~ 80 2
- 100 2
60 100 1
50 200 1
- 80 - 100 1
- 100 - 125 1
AVERAGE INDUSTRY MANYEAR RATE $108,000
AVERAGE UNIVERSITY MANYEAR RATE $ 55,000
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separate values. It is interesting to note the mean
university rate is approximately half the industry rate.

In Chapter 2 the assumption was made that labor

is a major cost factor in most laboratory work units, and

if correct, the methods identified in estimating labor

would be of significant importance. The summary of Question
20 in Appendix C clearly supports the assumption. A total
of 37 respondents (82%) indicated manpower to be the primary
cost factor and another four (9%) specified labor, in
conjunction with another factor (overhead or hardware), were
the major cost drivers. Unfortunately, the responses to
Question 9, discussed above, reveal there are no documented
labor estimating techniques available. Therefore, in-
experienced project managers must rely almost entirely on
the guidance provided by the seasoned project manager when
estimating labor. Even if novice project managers have
access to historical data, they must have the experience to
discern which data is relevant to the new work unit.

With the establishment of experience and use of
historical data as the primary general estimating techniques,
the research focused on methods used to estimate specific
cost itams. The specific items investigated were materials,
tooling and special equipment, travel, and computer costs via
Questions 14, 15, 16, and 17, respectively. As anticipated,
the estimating methods were of an informal nature and

experience and use of past projects or proposals pre-

dominated.
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The methods used to estimate material costs are

presented in Appendix C under Question 14 and a condensed
listing in Table 3-4. More than 50% of the respondents
relied on historical sources and their own experience or
judgment, and another 20% combined historical data with an
inflation factor or information from handbooks or vendor's
catalogs. Specific catalogs were not identified, however,
three project managers provided specific inflation factors.
One diligent project manager used the inflation factor pro-
vided by the U. S. Bureau of Labor Statistics (11:144).

Employment and Earnings is a monthly publication that lists

inflation factors for different industries, such as
aerospace, heavy industry, and electronics.

Tooling or special equipment costs was not a work
unit cost factor for many of the respondents as shown in the
responses to Question 15 in Appendix C and Table 3-5. More
than 66% disregarded tooling or special equipment costs when
making an estimate or lumped the costs together with the
total manyear dollar value. However, of the 15 project
managers who did consider these costs in their estimates,

13 relied on historical data or experience/judgment. The
best guess, gut feel, and rules of thumb responses were
combined with the experience/judgment factors in Table 3-5.

The methods for estimating computer costs were
similar to the previous two cost items. Again, more than
half of the project managers relied on their own experience,

historical data, or a combination of historical data plus
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Table 3~4: Materials Costs - Estimating Methods

Percentage
of Total
Method Responses Responses (%)
HISTORICAL 13 28.9
HISTORICAL PLUS
INFLATION FACTOR 5 11.1
HISTORICAL PLUS
HANDROOKS OR VENDOR
CATALOGS 4 8.9
EXPERIENCE/JUDGMENT 11 24.4
OTHER 4 8.9
NOT APPLICABLE 8 17.8
TOTAL 45 100.0%
;
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Table 3-5: Tooling and Special Equipment Costs - Estimating

Methods
Percentage
of Total
Method Responses Responses (%)
HISTORICAL 5 11.1
EXPERIENCE/JUDGMENT 8 17.8
OTHER 2 4.4
NOT APPLICABLE 30 66.7
TOTAL 45 100.0%
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estimates made by the local computer center or analysis
group to estimate computer costs. Table 3-6 lists the
methods employed and a detailed summary is given in Appendix
C under Question 17. All seven of the laboratories partici-
pating in this study had either an analysis section or a
local computer center that is capable of estimating computer
costs for a new project. Surprisingly, only a very small
percentage of the project managers utilized these readily
available sources. Instead, they chose to rely on less
analytical methods to estimate their computer costs. It
would appear that these sources are not used because the
relatively small computer costs, as compared to the overall
work unit costs, do not warrant the project manager's time
to obtain the estimate.

The final specific cost item explored in this

study was travel costs. The summary of the responses is

also presented in Appendix C under Question 16. Thirty-five
cf the 45 respondents estimated travel costs in considerable
detail. The majority estimated the number of trips required,

the number of personnel per trip, and a per diem rate. 1In

addition, many project managers called airline ticket
offices for current air fares and estimated rental car
expenses. One would anticipate that estimating in such
detail would result in rather accurate estimates. However,
travel costs are generally a small percentage of the total

work unit costs. While no specific data was collected to

substantiate this statement, the researcher's own experience
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Table 3-6: Computer

Costs - Estimating Methods

Percentage
of Total
Method Responses Responses (%)
HISTORICAL 13 28.9
COMPUTER CENTER 6 13.3
HISTORICAL PLUS
COMPUTER CENTER 7 15.6
EXPERIENCE /JUDGMENT 5 11.1
OTHER 2 4.4
NOT APPLICABLE 12 26.7
TOTAL 45 100.0%
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and similar responses from many of the interviewees supports
the assumption. Thus, the question arises as to why detailed
estimating is conducted for an inconsequential cost item,
such as travel, and crude estimates are made for a major

cost item, such as labor. Unfortunately, the data generated
by this study does not provide the answer,

The previous paragraphs focused on cost estimating
methods for specific cost items. Of equal importance in the
estimating process are the rates used to determine labor
costs, overhead, and General and Administrative (G&A) costs.
As stated in Chapter 2, Questions 11, 12, 13, and 18 were
used in the interview to determine if laboratories have a
financial analysis office or a local procurement organiza-
tion which identifies the various rates. Discussions with
management, at those laboratories, of which the researcher
did not have personal knowledge, revealed that all labora-
tories studied did, in fact, have such organizations. 1In
some instances these offices/organizations also categorized
the rates by industries (aerospace, electronics, etc.) and
calculated average rates. Therefore, local rate sources
were available to the project managers interviewed.

The second objective of Questions 11, 12, 13, and
18 was to determine if the project managers utilized the
rate information or were even aware the information was
available. The summarized responses in Appendix C provide
the answer. Only 35.6%, 33.3%, and 33.3% of the respon-

dents relied exclusively on rates provided by local
45
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organizations for labor, overhead, and G&A rates, respec-
tively. Three to four respondents used the information
generated by the local organizations in combination with
other inputs, but many chose to rely on historical data
alone. Several reasons can be postulated for the non-
utilization of the rate information:

1. Project managers are not aware the rate
information exists.

2. Project managers are aware of the rate
information but elect not to use it.

If either or both of the above reasons are valid, labora-
tory management should conduct additional research to
establish why project managers are ignorant of the infor-
mation or why they do not use it.

The final issue addressed in this section is
whether a relationship exists between the type of work
unit performed (studies, hardware, or test), and the
methods employed to estimate various costs (Research
Question 1). Table 3-7 lists the methods used by project
managers to estimate costs for the three types of work
units. The data are tabulated for the overall or general
costs and for the five specific costs discussed previously.
As mentioned in the Demographics section, the majority of
the respondents managed combinations of studies, hardware,
or test projects, therefore, data for specific types of
work units was scarce. Due to the limited data, a

relationship between the type of work unit and the
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estimating method was difficult to establish. The only
conclusion to be drawn from Table 3-7 is that historical
data and experience appear to be the predominant methods
used to estimate general, labor, and materials costs for
studies type work units. Since studies generally do not
require manufacturing of hardware, the logic behind the
nonapplicability of tooling/special equipment costs to
studies work units is clear. In addition, the detailed
estimating of travel costs for studies projects follows
the trend discussed in a preceeding paragraph. Again, the
data base for respondents who managed strictly hardware or

test projects was severely limited. Consequently, a

relationship between the estimating technigques used and
these two types of work units could not be established.

This concludes the analysis and discussion of the
cost estimating methods and technigues employed by labora-
tory project managers. In summary, the data indicates that
project managers rely on experience and use of past projects
or proposals rather than on formal methodologies for
estimating specific cost items. The next section investi-
gates the factors contributing to accuracy of cost esti-
mates and the difficulty in making the estimate.

Factors Contributing to Cost
Estimating Accuracy and Difficulty

In this section the remaining four research

questions are investigated:
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-~ Which cost estimate is generally higher, the
project manager's or the offeror's? (Research Question 5)

- 1Is there a relationship between cost estima-
ting accuracy and the number of contractors the project
manager generally does business with? (Research Question 3)

- 1Is there a relationship between the level of
detail involved in estimating costs and the accuracy of the
overall estimate? (Research Question 4)

- 1Is there a relationship between cost estimating
accuracy and the type of work unit performed? (Research
Question 2)

Other issues addressed will be the factors contributing to
cost variance, as identified by project managers; the use

of contingency factors to compensate for the variance; and
an attempt to determine if "buying in" is a problem within
Air Force laboratories.

For the purpose of this study accuracy is defined
as the difference in costs between the project manager's
estimate of costs and the costs proposed by potential
offerors. This discrepancy between estimates will be
refered to as "variance." The variance, given as a per-
centage rather than a dollar value, was not verified by
actual data. Project managers were asked to give a

spontaneous estimate of the difference; they did not check

project files to confirm the values.
Question 25 was the vehicle used to identify this

variance. The responses to this question are the only
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data used to gauge the accuracy or difficulty of cost
estimating and is the key data used to address Research
Questions 2, 3, and 4. However, because the variance is

a "best guess" response only general observations can be
made on the basis of the data; firm conclusions or concrete
answers to the research questions cannot be made.

To determine which cost estimate, the offeror's
or the project manager's, 1s generally higher (Research
Question 5) the responses to Question 25 were studied. The
responses are summarized in Table 3-8 and a detailed break-
out can be found in Appendix C. In Table 3-8 the variances
are listed under two categories. The first category applies
to those responses which indicated the offeror's costs are
generally higher than the project manager's estimate. If
the respondents indicated the offeror's costs were sometimes
higher and sometimes lower (evenly distributed) then the
response was classified under the second category.

The data suggests that offeror's costs are
generally higher than the project manager's projected
costs. Sixty percent (27 responses) of the respondents
said the bidder’'s costs were generally higher while only
22.2% indicated the variance was evenly distributed. The
remaining 17.8% (8 responses) did not provide a specific
response. The data also indicate that the variance
magnitude, in most cases, does not exceed 30%. Thus, two

general observations can be made:
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Table 3-8: Cost Variance Between Project Man
Estimate and Offeror's Estimate

OFFERORS'S ESTIMATES NORMALLY HIG

ager's

HER

Variance (Percentage, %) Responses

0 - 10 4
10 - 20 12
20 - 30 8
30 - 40 1
40 - 50 1
50 or greater 1

TOTAL 27

OFFEROR'S ESTIMATES EVENLY DISTRIB

UTED

Variance (Percentage, %) Responses
0 - 10 3
10 - 20 3
20 - 30 2
30 - 50 1
30 or more 1
TOTAL 10

No specific percentage given - 8 responses
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1. The offeror's proposed costs are generally
higher than the project manager's estimate.

2. The magnitude of variance is generally less
than 30%.

Of course, the "best guess" nature of the responses to
Question 25 must be considered. Any firm conclusions would
require additional research in which the variance magnitudes
were verified.

Question 7 was the first nondemographic guestion
which attempted to gain insight into the accuracy of the
cost estimating process. The project managers were asked
to provide an estimate of the number of bidders that
generally respond to their RFPs. The responses to this
question were used to determine if a relationship exists
between cost estimating accuracy and the number of con-
tractors the project manager generally conducts business
with (Research Question 3). As the number of contractors
increase it was assumed the accuracy decreases, because the
project managers are less able to familiarize themselves
with the bidders' methods of conducting business and
the bidders' labor and overhead rates. An underlying
assumption should also be noted at this point; the project
manager repeatedly has the same three, four, or five
bidders respond to an RFP. 1If a project manager had
bidders A, B, and C respond to an RFP he would have A, B,
and C again respond to the next RFP. There would not be a

completely different group of contractors D, E, and F, for
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example, respond to the next RFP. Through discussions with
the project managers interviewed and the researcher's own
experience, this situation of repeated contractors appears
rather commonplace.

By comparing the responses to Question 7 with the
variance reported between the project managers estimate and
the costs proposed by the bidder (Question 25), it was
possible to draw a general conclusion. Table 3-9 lists the
cost variances reported by project managers who normally
have as few as three and as many as ten bidders respond to
their Requests for Proposals. Only the responses of project
managers who gave a specific number of bidders responding to
an RFP, rather than a range, were used. The numerical
range responses were deleted because of the wide spread with-
in some of the ranges, such as one to ten or six to fifteen.
An examination of Table 3-9 reveals the variance to be
relatively small for the eight project managers who said
they generally had only three bidders respond to their RFPs.
However, as the number of contractors increased to four and
then five, the variance increased, indicating a direct
relationship between the number of bidders and the variance.
Unfortunately, beyond five bidders the data are scarce and
no conclusions can be drawn. The bar chart in Figure 3-1
also graphically depicts the variance spread increase with
succeeding increases in bidders. Thus, based on this
rather limited data, it appears an inverse relationship

exists between the number of offeror's generally responding
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Table 3-9: Contractors Responding to RFP and Magnitude of
Variance Reported by Project Managers

Variance Betwee.. Project

Manager's Estimate and
Number of Contractors Costs Proposed by Bidders
Responding to RFP (Percentage)

10 - 15 !

10 - 20 (H)

10 - 20 (H)

3 10 - 20 (H)
20 (B)

25 (H)

25 < 30 (H)

20 - 10 (H)

- 10 (H)
- 20 (ED)
10 (H)
15 (H)
25 (H)
4 25 (H)
25 (H)
30 (H)
50 or more (H)
Relatively Close
Not Certain

2

v

10 (ED)
10 (ED)
10 (ED)
5 30 - 50 (ED)
30 Below to 100
Above
Quite Often High

25 - 30 (H)
6 30 {H)
100 - 200 (H)

20 (H)
7 20 - 25 (BH)

S4




Table 3-9: Continued

Variance Between Project
Manager's Estimate and

Number of Contractors Costs Proposed by Bidders
Responding to RFP (Pexrcentage)

9 30 (ED)

10 15 - 20 (H)

TOTAL RESPONSES - 33

1 Bidder's costs are generally higher.

2 Variance is evenly distributed.
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to an RFP and the accuracy of the project manager's estimate.
The caution that the variance data is based on unvalidated
responses must again be reiterated.

Research Question 4 was also aimed at determining
accuracy factors. The research question was designed to
determine if a relationship exists between the level of
detail involved in estimating costs and the accuracy of the
overall estimate. Two diametric viewpoints concerning
detailed estimating and its effect on estimate accuracy can
be made. First of all, the argument can be made that a
direct relationship exists between detailed estimating and
accuracy. A project manager who estimates in detail will
have less variance in his work units because the uncertain-
ties resulting from a cursory estimate are reduced. On the
other hand, one can contend that when making detailed
estimates, errors occur in each subestimate and the resultant
aggregate estimate with the accumulated errors will be
considerably off its mark (14:77).

Three interview questions addressed the issue of
detailed estimating and its relationship to estimate accuracy.
Question 10 asked the project managers i1f they divided their
labor estimates into various education and/or experience
categories. The underlying assumption was that a break out
of labor into these separate categories required a certain
amount of detailed estimating. Question 23 asked the

respondents if they used a local form or format to either

assist in making or recording their estimate. As stated in
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Chapter 2, the rationale behind the question is that the use
of'forms, such as the AFFTC 296, force the project manager
to break out several cost items; thus, indicating that the
estimate is made in detail. The third question (Question 25)
provided the accuracy data via the variance responses.

The detailed responses to Question 10 are presented
in Appendix C and a tabulated summary is given in Table 3-10.
Table 3-10 lists the variance reported by those respondents
who subdivided their labor estimates into education and/or
experience categories as well as those who did not. The
data indicates that project managers who subdivide their
labor also reported higher variance. More than 30% of the
"yes" respondents said their variance was between 30-40%
while only 13.3% of the "no" respondents reported variances
of that magnitude. Additionally, 16.6% of the "yes"”
respondents reported variances in excess of 30%. However,

none of the "no" respondents reported variances above 30%.
Finally, 73.3% of the "no" respondents indicated their
variance was generally less than 20%. Therefore, if sub-
division of labor can be interpreted as estimating in detail,
then the data indicates an inverse relationship exists
between detailed estimating and accuracy. The greater the
level of detail project managers exercise in their estimates,
the less accurate the estimate becomes.

The results of Question 23 presented in Table 3-11

reveal similar results. Those project managers who used

either a local form or the DD 633-4 reported higher variances
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than those respondents who did not use a form. While the
results are not as pronounced as those shown in Table 3-10,
the same general trend can be seen. The data alsoc reveal
that of the 30 project managers who subdivided labor, 20
(66.7%) also used some form, either local or the DD 633-4.
0f the 15 project managers who did not subdivide labor only
5 (33.3%) used some type of form. Thus, two observations
can be made from the results of Questions 10, 23, and 25:

l. Detailed estimating appears to decrease
overall accuracy.

2. Project managers who do not subdivide labor
also tend not to use forms or formats to assist in making or
recording their estimates.

In order that the above observations are not construed as
firm conclusions, the caveat that the variance data is based
on unvalidated responses is reiterated.

The next question concerning estimate accuracy
sought to establish if cost information provided by potential
offerors decreased the variance. In Chapter 2 it was
stipulated that Question 19 was added after several of the
test subjects indicated open cost discussions with potential
offerors produced more accurate cost estimates. The re-
sponses tabulated in Table 3-12 tend to support this observa-
tion. The percentage of responses for the variance ranges of
0~10% and 20-30% were quite similar for both the "yes" and
"no" respondents. In the variance range of 10-20%, however,

the percentage of "yes" responses were more than double those
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of the "no" responses. In addition, approximately 15% of the
"no" group reported variances of 50% or greater. Those pro-
ject managers who received cost inputs from offerors did not
report variances greater than the 30-40% range. Based on
this limited data, it appears that discussions with potential
bidders concerning costs, assists the project managers in
estimating costs more accurately. Again, this area requires
additional research coupled with verified variance data
before a firm conclusion can be reached.

A final observation concerning the responses to
Question 19 must be made at this point. Several project
managers who did not discuss costs with bidders explicitly
stated this practice was strictly prohibited. When queried
about the source of a policy forbidding cost discussions with
offerors prior to RFP issuance, they could not pinpoint a
regulation or local policy. Discussions with some senior
procurement personnel revealed that, in fact, there is no Air
Force or DoD policy which restricts pre-RFP cost discussion
with offerors. However, the senior procurement personnel
stated that each laboratory has its own unwritten policy
which most project managers adhere to. While the researcher
did not verify the nonexistence of Air Force or DoD policy,
it appears there is considerable confusion concerning the
proper procedures to follow, and this issue should be clari-
fied. If open pre-RFP discussions with potential offerors

help to reduce the magnitude of variance then, in the long




run, the decreased variance should provide laboratory manage-
ment with increased confidence in their budget planning.

The final discussion which focuses on cost esti-
mating accuracy involves Question 6 and again Question 25.
The combination of these two gquestions addressed Research
Question 2: Is there a relationship between cost estimating
accuracy and the type of work unit performed? 1In the two
previous sections it was reported that the majority of
project managers interviewed had managed combinations of
studies, hardware, and test projects and very few managed
work units of strictly one type. As a result, no conclusions
or even trends can be derived from the data presented in
Table 3-13. While twelve of the fourteen project managers
reported variances of less than 30% for all three types of
work units, the data is insufficient for a trend to be
established. Since most project managers seem to manage
combinations of studies, hardware, or test projects addition-
al research which tries to identify accuracy as a function
of work unit type may not be possible.

The previous discussions in this section concen-
trated on identifying relationships between estimate accuracy
and various aspects of laboratory project management. The
remainder of this section will discuss the factors resulting
in inaccurate estimates from the project manager's perspec-
tive.

The responses to Question 25 clearly revealed the

difficulty project managers have in accurately estimating
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costs for a new project. Some project managers seem to have

less difficulty than others but almost all miss the mark by

some degree. From the summarized responses in Appendix C,

at least 16 respondents indicated they generally under or

overestimate by 25% or more.

he had underestimated by 200%.

One respondent even indicated

Only one project manager

said the variance was "surprisingly little” and was not

concerned about any variance that occurs. Due to the high

occurance of inaccurate estimating and the level of concern

registered by the respondents, the responses to Question 26

were considered to be of significant importance. If the

source of the variance can be

identified then perhaps some

action can be taken to rectify the problems.

The summarized responses to Question 26 in Appendix

C lists 14 different factors that project managers attributed

to the variance between their
proposed costs. However, the
two major categories as shown
are:

1. Variance due to
project managers.

2. Variance due to

offerors.,

estimate and the bidder's
factors can be classified into
in Table 3-14. The categories

inaccurate estimating by the

estimating errors by potential

Because of the importance attached to identifying the variance

factors, each category is discussed in more detail.

The major variance factor attributable to the

project managers was inaccurate estimating of manhours or
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Table 3-14: Factors Contributing to Cost Variance

Percentage
of Total
Factors Responses Responses (%)
INACCURATE ESTIMATING
BY PROJECT MANAGER 35 62.5
ESTIMATING ERRORS BY
POTENTIAL OFFERORS 18 32.1
OTHER FACTORS 3 5.4
TOTAL 56 100.0%
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labor rates, closely followed by the second major factor,
inaccurate estimating of overhead rates. These two factors
received ten and nine responses, respectively. The emphasis
they received is logical since labor and overhead were the
major cost drivers identified previously. Some interviewees
elaborated on the reasons for the inaccurate estimates. One

project manager said the time lag between issuance of the RFP

and contract award can exceed nine months. During that
period of time the rates, including labor and overhead, may
change for a particular company resulting in a cost varia.ce.
Another respondent felt the government estimates were
"looser" than industry estimates because contractors have

the inside knowledge required to estimate the manpower needed
to perform a task. However, one project manager had an
opposing viewpoint. He felt project managers in his labora-
tory estimated labor to a relatively high degree of accuracy
but contract costs were still sometimes significantly higher
than estimates made by the project managers. He attributed
this anomaly to the fact that some companies may be located
in a high cost area and have substantially higher labor
and/or overhead rates. Finally, one individual indicated
overhead rates are highly dynamic and increase drastically
from year to year. Interestingly, when his reponses to
Questions 12 and 13 were checked, it was noted he relied on
past projects as his source of overhead rates. Had he used L

the current rates available through his local financial
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analysis office, his overhead cost estimates could have been
more realistic.

Use of an optimistic inflation rate by the
government was another major factor attributed to the cost
variance. Several project managers said they were instructed
by the local financial analysis office to use an annual
inflation rate of 6% or less when the actual rate was as
high as 12%. As a result, the bidder's proposed costs were
higher than the government's estimate. Verification of
inflation rates was not within the scope of this effort, but
laboratory management should consider additional investiga-
tion of this issue.

Other cost items which were incorrectly estimated
by the project managers included materials, hardware, sub-
contracting costs, fee, fringe benefits, and management
reserve. In addition, two respondents said they were forced
into making low estimates because of limited funds available
for the work unit. In other words, the estimate was made on
the basis of funds available rather than a realistic esti-
mation of the resources required to conduct the effort.
Because of the limited number of responses for any one of
these items, it will be assumed that they are not major
variance factors and will not be discussed further.

The major variance factor attributable to the
bidders was errors 1in estimatirng as a result of misinterpre-
tation of the Statement of Work (SOW). This factor received
a total of ten responses under Question 26. Since several
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test respondents identified misinterpretation of the SOW as
a variance factor, it was decided this area justified further
scrutiny. As a result, Question 27 was added to the firal-
ized version of the interview. The responses to Question 27
in Appendix C clearly show that variance is due, in part, to
misunderstanding of the SOW. More than 75% of the project
managers gave a positive response to this question. While
some of the responsibility for misinterpretation goes to the
potential offerors, the majority falls on the shoulders of
the project manager. If the objectives and performance
requirements of the work unit are not complete and clearly
written, then misinterpretation will result (4:p 3-1).
Writing a complete and clear SOW is not an easy task. The
SOW should be definitive enough to protect the government's
interest and yet broad enough to allow for the contractor's
creative effort to be added to the program. Therefore, if
the variance between the bidder's estimate and the contrac-
tors proposed costs is to be minimized, it appears more
complete and definitive SOWs are required.

b des misinterpretation of the SOW, the
respondents also indicated that offerors sometimes propose a
different level of effort than specified in the SOW due to
technical insight known only to the offeror. An example
would be Independent Research and Development (IR&D) con-
ducted by the contractor prior to RFP issuance. As a result

of the offerour's additional knowledge, a variance occurs.
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Three respondents also indicated some offerors propose to

conduct the effort at an unreasonably low cost in order to
win the contract. This practice, known as "buying-in", is
discussed in more detail later (See discussion of Question
29).

The final two variance factors attributed to the
offeror's were:

1. The offeror decides to perform additional
work not specified in the SUW or proposes a "glamorous"”
program.

2. The offeror is unfamiliar with government
contracts, and as a result, misinterprets what 1is reguired
(similar to misinterpretation of SOW).

These factors are self-explanatory and will not be discussed
further.

Once the various causes or factors contributing to
the difference between a project manager's estimate and the
bidder's costs were identified, the research focused on
establishing whether project managers attempt to determine
where the cost differences exist. 1If past variances are
identified then the knowledge should help to reduce future
variances. The responses to Question 28 in Appendix C
indicate the majority of project managers do try to determine
where the variance occurs. Thirty-two respondents said they
compared their estimate with the bidder's, in considerable
detail, and discussed the differences during negotiations.

Some project managers even compared costs at the second level
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of the Work Breakdown Structure (WBS). Seven respondents
said they made some attempt to determine where the variance
occured but not in a detailed manner. Three project managers
made an effort if the cost differential was of such a
magnitude that the project could not be funded. Only a small
percentage (6.7%) did not make any attempt to establish the
reasons for the variance. While it appears that most project
managers assume the responsibility of identifying the reasons
for cost differences, the results did not provide data on
whether this information assists in decreasing the variance on
future work units. This is another area in the cost estima-
ting process that requires further study.

The practice of identifying differences between
cost estimates made by the project managers and offerors
can be considered a method to reduce the magnitude of vari-
ance on new work units. Other methods would be to conserva-
tively estimate (on the high side) labor, overhead, materials,
etc., while performing the estimate, or to add a contingency
factor to some cost items or the overall cost. The results
from Question 32 provide data on the methods used by project
managers to cope with the uncertainties in the cost estimating
process. The responses in Appendix C reveal that at least
half the project managers use some type of contingency factor,
inflation factor, or management reserve. Another 20% estima-
ted costs conservatively throughout the estimate. Only a
small percentage relied on their experience to deal with the

uncertainties. The remaining ten respondents did not rely
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on any particular method and generally estimated as realis-
tically as possible. Sixteen project managers gave specific
contingency/inflation/management reserve factors presented
in Table 3-15. The majority used factors within the range
of 5-30%, however, two used very high factors - up to 300%.
Interestingly, both respondents who used the high factors
indicated the offeror's costs were generally 25-30% higher
than their estimates. The results indicate most project
managers compensate for the uncertainties in their estimate
in some fashion, and also serve to support the assumption
that cost estimating within Air Force laboratories is an
ambiguous process.

The final question addressed in this section
sought to determine if project managers compare their
original estimate or the offeror's estimate with the actual
costs of the project. The comparison could help to identify
variance factors which, in turn, could reduce the variance
on future efforts. In Chapter 2 it was suggested that
Question 29 could also provide information concerning the
practice of "buying-in" by contractors. The results reveal
that approximately 58% of the interviewees did not make the
comparison between the two estimates. 0f the sixteen
respondents who did compare the estimates only five indica-
ted the comparison was made routinely and was beneficial.
Therefore, the majority did not see any significant benefit

in making such a comparison.
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Table 3-~15: Contingency Factors, Inflation Factors, or

Management Reserve Used in Cost Estimates

Contingency Factor,
Inflation Factor,

Management Reserve (%) Responses
5 - 10 1
10 4
10 - 15 4
15 1
10 - 20 2
25 1
30 1
100 ~ 200 1
200 - 300 1
TOTAL 16

e RS —
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Many respondents stated that since costs were

being tracked continously during the life of the project,

a cost comparison between the original estimate and final
costs served no useful purpose. Additionally, only two
project managers were able to see how the comparison related
to the "buying-in" process. Thus, the responses to Question
29 indicated the following:

1. Most project managers do not compare their
original estimate or the contractor's original estimate with
final contract costs.

2. Most project managers see little benefit in
making such a comparison.

3. Information concerning the "buying-in" process
could not be obtained.

Although the results are contrary to the assumption that a
comparison of original estimates versus final costs are
beneficial, the author is still of the opinion that useful
information could be obtained from such a comparison. 1If
time had permitted a full explanation of the rationale
behind Question 29 to each interviewee, the results may have
been significantly different. This is another area where
further research is required.

This section focused on identifying the major
factors contributing to the variance between the project
manager's estimate of costs for new work units and the costs

proposed by the offerors. Numerous ancillary issues relating
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to cost estimating accuracy and difficulty were also addres-
sed including four research questions. With this knowledge
of cost estimating techniques employed and identification of
variance factors, the weakness in the current cost estimating
process and suggestions for improvement will be discussed in
the following section.

Limitations, Weaknesses, and

Recommendations for
Improvement

One of the major objectives of this research
effort was to indentify weakness in the cost estimating
process as seen through the eyes of the laboratory project

managers. Question 34 provided the project managers the

opportunity to express their perceptions of these limitations/
weaknesses. However, there are five ancillary issues
perceived as potential weakness that will be discussed first.
These issues were identified through the test interviews and
during the author's years as a laboratory project manager.

Failure to retain the original cost estimate is

the first weakness to be discussed. In Chapter 2 three
benefits for retaining the initial estimate were listed:
( 1. The old estimate could help in estimating costs
for new work units of a similar nature.

2. The estimates could serve as a baseline for
evaluating an offeror's proposal.

3. Retention of the estimate is mandated by Air

Force Systems Command (1:1, 7:1, 9:1, 10:1).
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Therefore, retention of the original estimate would not only
be a useful management tool, but would also eliminate the
identification of a discrepancy during a formal inspection
from higher authorities. (In the Air Force this type of
inspection is refered to as an Inspector General or IG
inspection). The summarized responses to Question 24 in
Appendix C reveal that approximately 35% of the respondents
did not retain their initial estimate. Many of the respon-
dents, including those who retained their estimates, were
not even aware that retention was mandatory. Some also
stated they discarded the estimate after contract award.
These results are considered one of the significant findings
of this study because more than a third of the project
managers dispose of useful information which could assist
them in estimating future costs. Laboratory management or
the office of the Director of Laboratories should consider
further exploration of this issue to ascertain the impact
of these findings.
In Chapter 2 a detailed discussion of the Job
Order Cost Accounting System (JOCAS) was presented. To
reiterate, AFSCP 177-3 [3:2] specifies the purpose of
JOCAS is to:
+++s. identify the total cost of specific efforts

and organizations and create a cost consciousness in

the R&D manager. Once identified, the cost information

has numerous uses including assisting the manager to

budget, allocate, recoup, and analyze his initial

financial resources.

AFSCM 177-265 [5:2] also states the information provided
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by the JOCAS must be used:

.e... tOo support job estimating and reimbursement
billings and can be used to measure productivity,
develop performance and cost standards and to determine
where management emphasis should be directed.

A final requirement specificied in AFSCM 177-265 [5:11]
which was not discussed in Chapter 2 is that:

The financial reports produced by the cost
accounting system must meet the test of usefulness to
the officials requiring the data in the proper discharge
of their management responsibilities.

The author is of the opinion that the monthly JOCAS
information provided to project managers is not useful for
estimating costs for contractual work units. The data, in
the form of a computer printout, does not break out costs
in a manner that would be useful for future estimating
purposes. Instead, the data provides only cumulative current
fiscal year costs for the project and normally lags the
contractor's reports by a month. Thus, the information is
insufficient and is not timely. Questions 21 and 22 were
designed to support the author's opinion. Question 21 asked
the project managers if they receive JOCAS reports. Since
JOCAS was mandated by Headquarters Air Force, it is not
surprising that over 95% of the respondents indicated they
did receive JOCAS information. However, when asked if they
used the information to assist in estimating new contractual
efforts, 89% said they did not use it for that purpose.

Some project managers provided the following reasons for not

using JOCAS:

1. JOCAS is not reliable.
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2. JOCAS does not provide sufficient detailed

information.

3. JOCAS information is months behind the finan-
cial reports received from the contractors.

Thus, there was almost universal agreement among the inter-

viewees that JOCAS lacked cost estimating utility. If JOCAS
is underutilized to the same extent throughout the Air Force
laboratories then management should reevaluate the system's

usefulness.

Question 30 sought to establish the adequacy of
information and/or tools available to project managers to
estimate labor and costs. The summarized responses in
Appendix C indicate more than 25 of the respondents felt they

had adequate information and/or tools while 12 were not

H satisfied. Seven project managers were not completely content

with the tools or information at their disposal and one

respondent was uncertain.

Numerous project managers provided additional
information to Question 30 which should be reported. Several
respondents felt a deficiency of tools or information, but

because they did not know what was available, could not

suggest anything. One project manager said a computer pro-
gram that would help in estimating costs accurately would be
desirable, but was not convinced the cost or time expended
would be worth the effort. Another project manager also said
a computer program would be beneficial but suggested it be

simple to use or else it would not be utilized. Finally,
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several interviewees felt they had sufficient tools because
of their experience, however, for the inexperienced project
manager they felt tools were definitely lacking. In summary,
more than half of the respondents revealed they had suffi-
cient information and/or tools to accurately estimate costs.
However, some qualified their "yes" responses with comments
indicating that certain additional tools and/or information
would be beneficial. Thus, there appears to be considerable
room for improvement in this area.

Question 31 was added to the interview to determine
if project managers had sufficient time to satisfactorily
complete their cost estimates. The results in Appendix C
indicate lack of time was not a problem. Eighty percent
of the respondents said they had adequate time and only 16%
gave a negative response. The remaining two project managers
said the lack of time was an occasional problem.

Several project managers also elaborated in their
responses to Question 31, and their comments are worth noting
as they provide interesting contrasts in cost estimating
philosophy. One project manager said time was generally
adequate if the work unit involved a familiar technical area.
However, if the project involved a new technical area which
lacked historical data, then time was inadequate because
facts had to be gathered from other sources. Another project
manager indicated the new formalized cost procedures require
considerably more time than when costs were estimated strict-

ly on historical data and experience. This individual also
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commented that the new procedures were not as beneficial as
thought to be by management. Still another respondent
revealed that because the estimating process is not for-
malized, little time or effort was put into making the
estimate. Finally, one project manager said the time
required to perform an estimate was not worth the effort
because only a certain amount of funds were available to

| perform the project. As a result, the estimate is made in

reverse; from a final dollar value to specific costs rather

than the specific costs cumulating to a final dollar amount.

It did not matter if a realistic estimate far exceeded the

funds available; no additional funds would be provided.

To conclude this discussion of Question 31,

insufficient time does not appear to be a critical factor

in the estimating process. However, some situations were

reported in which time was at a premium. In light of some

comments made concerning the emphasis placed on availability

of funds rather than the accuracy of the estimate, a recommen-

dation for additional research is made: The research should
involve interviewing laboratory management to determine what
their uses and perceptions of the value of the cost esti-
mates are.

In Chapter 2 the rationale for Question 33 was
discussed in detail. A plannirg cycle scenario was presented
and two assumptions concerning the original cost estimate

made:
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1. The original estimates are made hastily due
to the time pressure of the planning period. As a result,
these estimates may differ significantly from the estimate
made during RFP preparation.

2. When the project is funded, perhaps several
years later, the project managers are forced to abide by the
original estimates. Question 33 was incorporated in the
incerview to determine if the circunstances described by the
assumptions occur and whether project managers consider these
occurances to be a problem. The responses, presented in
Appendix C, were classified under one of four categories:
Very constrained, moderately constrained, somewhat or not
very constrained, and not constrained at all.

The tabulated responses and additional comments
orovided by the project managers do not support the initial
part of the first assumption that the estimates are made in
haste. Only one project manager said his planning cycle
estimates were made hastily. However, the responses and
additional comments do substantiate the second assumption
and part of the first assumption that a variance often exists
between the planning estimate and the pre-RFP estimate. More
than 50% of the respondents indicated they were very or
moderately constrained by the cost estimates made during the
planning cycle. Therefore, the results seem to indicate
that a problem exists in this area of planning cycle

estimating.
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Numerous project managers who felt constrained by
the initial estimates provided several consequences which
may be thought of as methods to compensate for underestima-
ting:

1., The scope of the effort is reduced. (7
responses) .

2. The project is stretched in duration so outyear
dollars can be used to fund that portion of the project which
could not be funded in the current fiscal year. (2 responses)
L This conscequence resulted in the third situation.

3. New projects slated to begin in the outyears
H are deleted. (2 responses)
4. Planning estimates are always inflated to avoid
u underestimating. (2 responses)
while these methods are no doubt effective, numerous theoreti-
cal side effects which can be detrimental to the project
1tself or future projects can be identified. First of all,
1f the project 1s descoped the technical aspects of the
project may suffer and the results or end products may be
less than desirable, relative to original expectations.
Consedquently, a work unit costing hundreds of thousands of
dollars may fall far short of its technical objsctives because
key technical work was deleted. This is not to say that all
RaD efforts which have not been reduced in scope will always
achieve their technical goals. However, deletion of key
technical work in a well planned project must increase the

probability of not achieving the technical goals.
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If a project is stretched in duration all technical
objectives may be realized but the total dollar value of the
project may increase. The increase is a result of overhead
costs charged to the project for the months or years the
project was extended. In addition, the effects of inflation
and rate increases may also take their toll. If the project
is funded in the outyears, new projects planned for future
years may be eliminated. Innovative projects which, 'n the
long run, could result in technological breakthroughs, may
never see fruition if funds are cut. Inflating estimates
during the planning period could also preclude funding of
projects. Laboratory management may decide the project is
too expensive to fund or may elect to delete another project
in order to fund the work unit with the inflated estimate.
Further research is required to identify the causes of low
planning estimates. If causes are identified and solutions
applied which reduce the variance, the use of the four methods
to compensate for underestimating may also be reduced or even
eliminated.

Finally, a comment made by some respondents who said
they were not constrained by planning estimates is worth a
brief discussion. Eight project managers indicated that
while planning estimates were not a constraint, the laboratory
or division budget was a definite constraint. If the current
fiscal year budget did not have sufficient monies to fund the

entire project, some method to reduce the current year dollar

requirement was initiated. It was of little consequence
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that the planning cycle estimate was identical to the
offeror's proposed costs. The four consequences discussed
in the two previous paragraphs were also the ones identified
by these eight respondents. Thus, the planning estimate and
the current budget both appear to be major constraints
imposed on the project managers interviewed.

The previous paragraphs addressed certain issues

of the estimating process which the author thought were
limitations or problems. The final two questions discussed
in Chapter 2 are also concerned with weaknesses and/or
problems of the cost estimating process but from the project
manager's viewpoint. Question 34 provided the respondents
with the opportunity to state their perceptions of the
A limitations, weaknesses, or problems of the laboratory cost
estimating process. Then Question 35 asked the respondents
to suggest constructive recommendations for improvement.
Rather than discussing Questions 34 and 35 separately, the
recommendations for improvement will be addressed immedi-
ately following the discussion of the problem.

The responses to Question 34 are listed in Appendix
C. As one can see, the variety of problems were numerous
and only 13 individuals (28.9%) said they were not aware of
any problems. There were six more responses than project
managers interviewed because some respondents identified
more than one weakness. In those instances, each weakness

received one response. Since the problems were so numerous
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only those limitations which received the higher percentage
of responses will be discussed.

The lack of tools, models, guidance, or training to
assist the project managers in making their estimates was the
problem which received the most responses. (This problem was
previously addressed in the discussion of Question 30). The .
majority of the recommendations to improve the situation
involved some type of computer program or data base. Several
project managers suggested the data bank contain certain
manhours, rates, etc., for various work units. The work units
would be classified by their distinguishing characteristics,
and the manhours and rates could then be retrieved on the
basis of those characteristics. One respondent suggested
having the rates and manhours published in a standardized
format in the final report of the contract. This would
simplify inputting the raw data into the computer. Some
project managers also felt the system should be simple, quick
in information retrieval, and kept up-to-date. Finally, one
respondent suggested a cost estimating guide be established
for inexperienced project managers. The respondent indicated
several private companies currently have cost estimating
guides in operation but could not identify the companies.

The limitation which received the next highest
number of responses has already been addressed in the
discussion of Question 33. The problem is that project
managers are forced to comply with their original planning

cycle estimate. The recommendations to improve or correct
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this problem were very limited. One individual said more
time should be made available during the planning cycle in
order to estimate the costs in greater detail. Another
recommendation was to decrease the acquisition lead time. It
was pointed out in Chapter 2 that several years may elapse
between the planning cycle estimate and the award of the
contract. During this period of time overhead and labor
rates increase and this, coupled with inflation, can signifi-
cantly drive up the costs. If the lead time is decreased,
this should in turn decrease the cost growth resulting from
outside factors. The final recommendation is complete in
itself and requires no further explanation. The suggestion
was to provide project managers with the flexibility to
update their initial planning estimates.

The problem identified in responses c¢. and k. of
Question 34 in Appendix C are related problems and are
discussed together. Four respondents indicated they did not
have the technical or cost insight that industry has, conse-
guently, they cannot estimate costs as accurately as the
offerors can. This limitation, in turn, leads to the
problem of policies which restrict pre-RFP technical or cost
discussions with potential offerors. Of course, the solution

proposed by most of the respondents was to permit open

discussions with contractors in terms of technology and

resources. The respondents felt these discussions would
decrease the variance between their estimate and the offeror's

proposed costs. Recalling from the discussion of Question
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19 in the previous section, the results indicated that

project managers who received cost or manpower estimates
from potential offerors also had lower reported variance
than those project managers who did not receive cost or
manpower inputs. One respondent, however, did not feel
interface with potential offerors was necessary because the
offerors also tend to be optimistic in their estimates.

The problem concerning budgetary constraints (response
j. of Question 34) has already been discussed but the
recommended solution has not. The respondents suggested the
government inform the offerors of the work unit's technical
objectives and the dollars available. The offerors would
then formally tell the laboratory how much they could
accomplish with the funds available and justify their
proposed technical efforts and resource expenditures. The
laboratory would then evaluate the proposals and select a
single contractor on the basis of the soundness of the 1
contractor's plan. This suggestion was classified under the
e. responses of Question 35; reduce the restrictions which
prohibit discussions between project managers and potential
offerors,

Several project managers considered the lack of experi-
ence of novice project managers or the loss of experience
due to a high turnover rate to be problems. With the
present high influx of individuals without any prior R&D or
management experience into the Air Force laboratories, this

lack of experience could become acute. Therefore, it was
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surprising thot more respondents did not identify this as a
serious probiem. The respondents recommended a computer
data bank, formal guidelines, and formal training as methods
to assist or educate the novice. (These methods have already
been discussed.) However, this study has shown that these
methods are not available. The only other suggestion provided
by the respondents was that cost estimates made by inexperi-
enced project managers should undergo close scrutiny by
supervisors or experienced project managers.

The remaining limitations/weaknesses which are
summarized in Appendix C, are self-explanatory and will not
be discussed further. However, there are several suggestions
for improvement which were not aimed at any particular problem
but which deserve elaboration. The solutions all called for
the cost estimate to be a combined effort of experts or to
have some other individual/organization perform the estimate.
Several individuals suggested a large staff of experienced
people or a team of individuals of various technical disci-
plines perform the estimate. As a result, the project manager
would not have to make a "seat-of-the-pants" estimate in an
unfamiliar technical area. Another project manager suggested
a cost analyst/estimator be assigned at the project level.
However, the individual was quick to add that this action
could be prohibitive due to the cost involved and shortage of
personnel, (During the course of the interviews the author

identified several laboratories that had a cost analyst/

estimator at the division level). Finally, one astute
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project manager was not able to provide a suggestion for

improving the cost estimating process but did make an
interesting observation. He said the majority of project
managers in Air Force laboratories have backgrounds which
are tehcnical in nature, and yet laboratory management
expects them to perform financial analysis which is a
discipline they are not trained in. Thus, he felt it was
"somewhat unrealistic" for management to expect project
managers to accurately estimate costs.

This section discussed numerous weakness, limita-
tions, and/or problems in the current laboratory cost
estimating process as identified by the project managers
interviewed. The variety of responses were extensive, thus,
only the major problems were addressed. After each problem
identification the suggestions provided by the respondents
to improve the situation were also presented. In addition,
five issues perceived as potential problem areas by the

author were also discussed.

Summarx

This chapter discussed the responses to each of the
35 interview questions and analyzed the results. The first
section focused on the demographic questions which identified
grade/rank, experience level, type of work unit managed, and
dollar value of contracts. 1In the following section the
responses to the various questions regarding cost estimating

methodology and techniques were discussed. 1In addition, the
90




responses which addressed the single hypothesis and one of

the research guestions were analyzed. The third section

investigated the remaining four research questions and several
ancillary cost va: ..rce questions. The final section dis-
cussed the limitations and weaknesses of the laboratory cost

estimating process and presented the recommendations for

improvement.
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CHAPTER 4
CONCLUSIONS AND RECOMMENDATIONS

This chapter presents the major conclusions drawn
from this research effort and based upon those conclusions, !
recommendations for improving the laboratory cost estimating
process. The conclusions and recommendations will be grouped
into three major sections:
1. Cost estimating methods and techniques.
2. Factors contributing to cost estimating
accuracy.

3. Miscellaneous conclusions and recommendations.

The recommendations, whether based on the researcher's own
opinion or the opinion of the interviewees, will immediately
follow each conclusion.

Cost Estimating Methods
and Techniques

The primary conclusion drawn from this study con-
cerning cost estimating methodology in Air Force laboratories
is that limited cost estimating guidance is available. Pro-
ject managers rely almost exclusively on historical data
from past work units or recent cost proposals and/or their

own project management experience accumulated over the years.

Reliance on historical data and/or experience did not apply
to general cost estimates alone, but to all subestimates as

well. Cost estimates made for manpower, materjals, tooling
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and special equipment, computer time, and travel were all
based on experience and/or historical data. 1In addition,
historical data is the primary source of the overhead rates,
labor rates, and general and administrative (G&A) rates.
Although all project managers had access to a financial
analysis office or a local procurement organization which
could provide up-to-~date rate information, only one~third

of the interviewees utilized these sources.

The study did not, however, clearly establish
whether the lack of cost estimating guidance is detrimental
or beneficial. Neither did the study show that formal
guidelines would reduce the 30% or less variance reported by
the majority of the project managers interviewed. Many of
the experienced project managers were completely satisfied
relying on their own experience or historical data to esti-
mate costs. But at least 27% were not satisfied and indica-
ted cost estimating information and/or tools were inadequate.
Some project managers were alsc concerned with the low
experience level of novice project managers and the loss
of experience due to a high turnover rate. Thus, estimating
costs strictly on the basis of experience and/or historical
data appears to be more than adequate for many project
managers, but some desire to have more definitive guidance
to assist them in increasing the estimate accuracy or to
assist the inexperienced project managers.

Most project managers desiring cost estimating
guidance recommended some type of computer program or data
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bank containing current manhours, rates, etc. for various

work units. The work units would be classified by their
distinguishing characteristics, and the manhours and rates
could be retrieved on the basis of those characteristics.

Of course, the structure of the data base must relate to cost
reporting requirements, such as manhours and rates for

various education and/or experience level of project personnel,
material costs, overhead rates, and subcontracting costs. It

was also recommended that the system be simple, quick in

information retrieval, and kept up-to~date. A final
recommendation concerning a computerized system is that the
software be standardized throughout the Air Force labora-
tories. A standardized system would minimize the familiari-
zation time for personnel being reassigned from one laboratory
to another.

While a data bank would provide very useful

information, the inexperienced project manager would still

: need guidance in the application of this information. This

| guidance could take the form of local guidelines and/or a

‘ formalized course through the Air Force Institute of
Technology. This research effort has shown that experienced
project managers generally do not have a specific method to
estimate costs, thus, it would be difficult if not impossible
to instruct the new project managers in a particular
technique. However, the guidelines or formal course should
provide instruction on the various cost items to consider,

the source of rate information (labor, overhead, G&A,
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computer hours, etc.), vendor's catalogs available, and
perhaps a listing of experienced project managers in a
variety of technical disciplines that could assist in prepar-
ing the estimate. Obviously, the inexperienced project
manager will not be able to perform an accurate cost estimate
hased solely on this information. Experience will be the
best available tool and they should be encouraged to rely on
guidance from senior project managers oOr sSupervisors.
However, the guidelines should at least provide the novice
with a working knowledge of the laboratory cost estimating
process that, in turn, will help to reduce the time required
to become "experienced."

This research effort focused primarily on experi-
enced project managers to determine cost estimating techniques
because of the assumption that inexperienced project managers
could provide only limited information in this area. In an
indirect manner the results of this study support that
assumption. If the experienced laboratory managers were not
able to provide specific methodologies, other than experience
and/or use of historical data, it is doubtful whether in-
experienced project managers could have provided additional
techniques. On the other hand, relatively inexperienced
project managers could provide very valuable insight on the
type of information which would benefit them in performing
their cost estimate. As an example, a project manager with

one year of experience and having agonized through one or

two cost estimate should be in an excellent position to
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identify deficiencies in the current system and suggest
improvements. Therefore, this author recommends a study,
similar to this research effort, be conducted which focuses
on the novice laboratory manager. The results of such a
study should direct laboratory management to the critical
areas where additional guidance/information is required.

In this section the conclusions that cost estima-
ting techniques are very limited in Air Force laboratories
was discussed and numerous suggestions to improve the level
of guidance, especially for inexperienced project managers,
were presented. This research effort also sought to identify
the factors which contribute to the variance between the
project manager's estimate and the costs proposed by poten-
tial offerors. 1In the following section, the conclusions
concerning cost estimating variance will be presented and
recommendations to decrease the variance will be discussed.

Factors Contributing to Cost
Estimating Accuracy

In Chapter 3 accuracy was defined as the difference
in costs between the project manager's estimate of costs and
the costs proposed by potential offerors. This discrepancy
was refered to as "variance." It was also pointed out that
because Question 25 (the vehicle used to identify the
variance) was based on "best guess" responses, firm con-
clusions could not be made. This caveat is again reiterated

at this point. Many of the accuracy conclusions discussed
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in this section are based on the unvalidated responses to
Question 25. Therefore, caution should be exercised if
laboratory management decides to initiate corrective action
on the basis of these conclusions concerning estimate
accuracy. Additional research may be required to fully
substantiate the variance reported in this study.

A very obvious conclusion, and one which most
project managers as well as laboratory management are acutely
aware of, is that most project managers do not accurately
estimate costs for new projects. The majority underestimate
by 30% or less, with some underestimating by as much as 200%.
The project managers attributed the following as the major
factors which contribute to inaccurate estimates:

1. Laboratory project managers inaccurately
estimate manpower (both manhours and manhour rates).

2. Laboratory project managers inaccurately
estimate overhead rates.

3. Laboratory project managers are required to
use optimistic inflation factors.

4. Potential offerors misinterpret the Statement
of Work (SOW).

A method to reduce the manpower variance has already been
discussed in the previous section. A computerized data bank
which contains the manhours/manyears to perform similar
efforts should assist project managers, especially the

inexperienced, in accurately estimating manpower requirements.
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In order to increase the accuracy of the manhours
or overhead rates, project managers should utilize local
sources which provide current rate information. Each
laboratory participating in this study had either a financial
analysis office or a procurement office which provided
various types of rate data, yet only one-third of the
project managers made use of this information. This study
did not reveal the nature of the nonutilization but several
causes can be postulated:

1. Project managers are not aware the rate
information exists.,

2. Project managers simply elect not to use the
information.

If the first situation exists then laboratory management
should actively publicize the availability of the information.
If the second situation exists then the finanical analysis

or procurement offices should insure the information is

easily accessible, readily understandable, and kept as up-~to-
date as possible to encourage its use.

This study did not validate the complaint that
project managers are required to use optimistic inflation
factors. 1If in fact, some managers are required to use
inflation factors as low as 6% then some effort should be
made to establish a more realistic rate. 1In any case,
additional research in this area is required.

The responsiblity of reducing variance due to

misinterpretation of the SOW falls clearly with the project
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manager and laboratory management. The objectives and
performance requirements of the work unit should be complete
and clearly written. The project manager should insure the
SOW is definitive enough to protect the government's interest
and yet broad enough to allow for the offeror's creativity

to be added in the program. Thus, laboratory management
should provide project managers with the guidance and
instructions required to insure complete and clear SOWs.

Three additional factors appear to affect cost
e+ -imating accuracy:

1. Detailed cost estimates decrease the overall
accuracy of the estimate.

2. Accuracy decreases as the number of potential
offerors generally responding to an RFP increases.

3. Accuracy increases as the level of pre-RFP
cost discussions with potential offerors increase.

As stated at the beginning of this section, these conclusions
are based on unvalidated variance responses. Additional
research is required before these conclusions can be
established as concrete. Therefore, no recommendations will
be made with the exception of the third factor.

The limited results of Questions 19 and 25 seem to
indicate cost discussions with potential offerors assist the
project managers in estimating costs more accurately. In
addition, some project managers identified the restrictions

limiting pre-RFP cost discussions with potential offerors

as a significant weakness in the laboratory cost estimating
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process. Others, while not specifically identifying the
restrictions as a problem, said offerors are generally aware
of the funds available. Consequently, the restrictions are
of little value. While there is insufficient evidence to
warrant a complete lifting of the restrictions, some action
in this area is required. The researcher suggests a limited
study of selected work units in which pre~RFP cost dis-
cussions are permitted. Offerors would be informed of the
funds available and the technical objectives. The offerors
would then formally tell the laboratory how much they could
accomplish with the funds and justify their proposed techni-
cal efforts and resource expenditures. The laboratory
would, in turn, evaluate the proposals on the basis of the
soundness of the offeror's plan. The success of these
projects in terms of cost overruns, scope reductions, and
technical objectives achieved would then be compared with
similar projects not engaged in pre-RFP cost discussions.

Miscellaneocus Conclusions and
Recommenations

The previous section presented a wide variety of
conclusions regarding the factors or causes which contribute
to the variance between cost estimates. In this final
section some miscellanecus cost estimating conclusions
drawn from this study are discussed and recommendations

presented.
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The first conclusion is that many project managers
do not retain their original cost estimate. The recommenda-
tion is to retain this estimate and for the following
reasons:

1. The old estimate could help in estimating
costs for new work units of a similar nature.

2. The estimates could serve as a baseline for
evaluating an offeror's proposal.

3. Since retention of the estimate is mandatory,
disposal could result in an inspection discrepancy.

Another conclusion is that the Job Order Cost
Accounting System (JOCAS) is not a useful cost estimating
tool. The research identified three reasons for the non-
utilization of JOCAS by project managers:

1. JOCAS is unreliable,

2. JOCAS does not provide sufficient detailed
information.

3. JOCAS information is months behind the financial
reports received from the contractors.

Based on this conclusion at least two options are available:

1. Update the system to provide practical informa-
tion in a timely fashion.

2. Eliminate the JOCAS reports entirely (if they
serve no other management functions).

The second option could probably save tAe Air Force thousands

of dollars a month in computer paper and computer usage, as
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well as dollar savings resulting from less manpower expended
to process, distribute, and file the JOCAS reports.

The study also revealed that managers felt
constrained by the initial cost estimate made during the
planning cycle, or were constrained by the laboratory or
division budget. These constraints result in the following
consequences:

l. The scope of the effort is reduced. As a
result, the technical objectives of the work unit may suffer.

2. The project is stretched in duration. As a
result, the total dollar value of the project may increase
and new projects planned for the outyears may be deleted.

3. Planning estimates are always inflated to
avoid an underestimation of costs.

In light of these conclusions and their consequences the
project managers proposed three recommendations:

1. Provide sufficient time during the planning
cycle to realistically estimate costs.

2. Decrease the acquisition lead time to reduce
the effects of inflation and rate increases which occur in
the interim.

3. Provide project managers with the flexibility

to update their initial estimates.
The final three conclusions are not of major
importance but are presented for information purposes. No

recommendations are deemed necessary. The conclusions are:
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1. Manpower is the primary cost driver in most
laboratory work units.

2. Most laboratory project managers have
sufficient time to estimate costs.

3. Most project managers add a contingency factor
or management reserve to their estimates to compensate for
the uncertainties in the estimating process.

As a final comment, it should be stressed that
considerable research in the area of laboratory cost
estimating is still required. To reiterate what was said in

the Limitations section of Chapter 2, the objective of

this study was not to solve all the problems of the cost
estimating process. This thesis effort was conceived as an
initial investigation that would pave the way for a series
of follow-on research efforts. However, the author is of
the opinion that some very important information concerning
the cost estimating methodology, factors éontributing to
cost estimating accuracy, and limitations of the cost
estimating process has been uncovered through this effort.
With the high influx of inexperienced project managers into
the Air Force laboratories some change must be implemented.
Some of the recommendations made in this chapter require
little effort, such as publicizing the availability of up-to-~
date rate information. Other recommendations would require
considerably more time to implement, such as establishing

a computerized data base of completed projects and/or cost

proposals. If some recommendations are implemented and
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help to reduce the magnitude of cost estimating variance
then, in the long run, the decreased variance should provide
the laboratory management with the capability to budget

funds realistically and with increased confidence.
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Glossary of Laboratory Terms
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1. Baselining.

The process of establishing a work unit foundation in
terms of: the technical objectives to be achieved, the
schedule to be maintained, and the resources to be expended.
The baseline includes documenting the rationale of the
generation of each of three baseline segments and any
changes that occur during the life of the work unit
(8:5).

2. Bidder.

A civilian company, corporation, or university that
proposes or agrees to perform a specific techniczal work unit
for an Air Force Systems Command (AFSC) Laboratory. Also
known as "offeror" or "contractor."

3. Contract.
An agreement in writing, binding on both parties,
which specifies work to be performed and the terms

and conditions covering such performance [12:p B-2].

4. Cost Estimate.

The product of an estimating procedure which
specifies the expected dollar cost to perform a
stipulated task or to acquire an item. It may be
stated as a single value or a range of values [28:4].

5. Independent Research and Development (IR&D)

Technical work conducted by private industry having a
potential relationship to a military function or operation.
The work is funded through company resources and remains

independent of Air Force control. Some of the funds are

reimbursable based on the quality of the effort, and its




potential relationship to a military function or operation

(27:1)
6. Overrun.

Net change in contractual amount over that contemplated
by the contract estimated cost without a change in scope .r
addition of requirements (l2:p B-6).

7. Project Manager.

An individual responsible for planning, organizing, and
managing the technical and financial aspects of Research and
Development (R&D) work units in an Air Force Systems Command
(AFSC) Laboratory. The term "Project Manager" is used in
lieu of the terms "Project Engineer", "Project Officer", or
"Laboratory Contract Manager."

8. Reguest for Proposal (RFP).

Solicitation form used in negotiated contracts to which
bidders respond by submitting "proposals."”

9, Research and Development Categories;

Research

Scientific study and experimentation directed
toward increasing knowledge and understanding in the
physical, engineering, environmental, and biological-
medical, and behavioral-social sciences directly re-
lated to explicitly stated long-term national security
needs. It provides fundamental knowledge for the
solution of identified military problems. It also
provides part of the basis for subsequent exploratory
and advanced developments in defense-related techno-
logies and for new or improved military capabilities in
all functional areas [26:2].

Under the Department of Defense (DoD) identification system,

the first two digits of a "Research"” program element would
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be 61. Therefore, funding for research work units in AFSC
are generally refered to as 6.1 dollars.

Exploratory Development

A formal effort, ranging from fundamental applied
research to sophisticated bread-boarded experiments,
to solve a specific military problem. It includes
studies, investigations, planning, programming, and
minor development efforts. It is designed to develop
and evaluate the feasibility and practicability of
proposed solutions and determine their parameters.
Program control of the exploratory development element
%s us?ally exercised by level of effort funding

26:2].

Funding for exploratory development work units is generally
refered to as 6.2 dollars.

Advanced Development

Projects that have moved into the development of
hardware for experimental or operational test. They
i consist of investigative and analytical development
Elann%ng efforts contributing to technology guidance
26:2].

Funding for advanced development work units in AFSC is
generally refered to as 6.3 dollars.

10. Statement of Work (SOWwW).

That portion of a Government contract containing the
requirements to be fulfilled, tasks to be performed, respon-
sibility for accomplishment and specifications or standards
to be met. The SOW is considered the most important part of
the contract and must be complete, definitive, clear, price-
able, and enforceable (12:pp I-56 to I-60).

11. Work Breakdown Structure (WBS).

The WBS is the division of a work task into smaller and

smaller identifiable elements. The objective of such a
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breakdown is to reach the point where a complex problem is
broken down into tasks of such size that planning and
performance evaluation are made easier. Each work package
can be costed and scheduled separately, and progress can be
evaluated based on accomplishment of each work package. The
assignment dollar values to work packages permits schedule
deviations to be quantified in cost terms. Cost deviations
from the baseline can be projected as cost over/underruns by
discrete elements (19:287-290).

12. Work Unit.

All work performed in the DoD falls into one of ten
major programs, such as Strategic Forces, General Purpose
Forces, Research and Development, etc. Each of these
programs is divided into program elements which is the
standard level of identification within the DoD. Under each
element there are normally three levels of work. The first
is the "project level," identified as either a project, a
program, or a system. The next level is the "task level" or
subtask. The lowest level of definable efforts is called a

"work unit" (6:pp 2~1 to 2-3).
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APPENDIX B

The Interview
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10.

11.

12,

13.

14.

15.

Rank/Grade

Years of project management experience.

Number of contractual work units or projects for which
you have estimated costs?

Generally, what type of projects were they - basic
research, exploratory development, or advanced develop-
ment?

What was the average dollar value of these projects?
Would you classify your projects as studies, hardware
oriented, or test oriented?

How many contractors normally respond to your Requests
for Proposals (RFPs)?

What type of method(s) do you use to estimate costs?

a. Historical data on projects of similar scope
b. Models (computer programs, equations, etc.)
c. Handbooks

d. Regulations, manuals, SOPs, etc.

e. Other

How do you estimaﬁe labor?

Do you subdivide your labor into various education/
experience categories?

What is your source for the labor rates?

How do you estimate overhead?

What is your source for the overhead rates?

How do you estimate material costs?

How do you estimate tooling or special equipment

costs?
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16.
17.

18.

19.

20.

21.

22.

23,

24.

25.

26.

27.

28.

How do you estimate travel costs?

How do you estimate computer costs?

What is your source for General & Administrative (G&A)
rates?

Do any of the above estimates include input from
potential offerors?

What is the main cost driver in your work units?

Do you receive JOCAS information periodically?

Do you use the JOCAS information in making your cost
estimate for new contractual efforts?

Do you use any particular form or format, such as

DD 633-4, AFWAL 28, AFFTC 296, AFWAL 95 to assist
you or to record your estimate?

Do you retain your initial cost estimate in your work
unit folder?

In general, by what percentage does the cofferor's
proposed costs differ from your estimated costs?

What do you feel are the primary factors that
contribute to the differences between your estimate
and the bidder's proposed costs?

Is the difference between your estimate and the
offeror's proposed costs due in part to the offeror's
misinterpretation of the Statement of Work (SOW)?

If your estimate does not agree with the offeror's
estimate, do you attempt to determine why and where
the differences exist? If "yes" - how? If "no" -

why not?
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29,

30.

31,

32,

33.

34.

35.

At contract completion, do you compare actual costs
with your original estimate and/or the contractor's
original estimate?

Do you feel you have adequate information and/or tools
at your disposal to accurately estimate labor and
costs?

Do you feel you have sufficient time to accurately
estimate costs?

How do you handle the uncertainties in the estimating
process?

How constrained are you by earlier cost estimates such
as those made during the planning cycle?

Summarize your perceptions of the weaknesses in the
current cost estimating process.

What recommendations do you have to improve the

current cost estimating system?
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Summarized Responses To Interview i

Questions




Rank/Grade
PERCENTAGE
OF TOTAL
RANK/GRADE RESPONSES RESPONSES (%)
1ST LIEUTENANTS 4 8.9
CAPTAIN 8 17.8
MAJOR 3 6.7
TOTAL MILITARY 15 33.4
GS-12 3 6.7
GS-13 23 51.1
GS-14 4 8.9
TOTAL CIVILIAN 30 66.7%
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2.

Years of project management experience.

PERCENTAGE
OF TOTAL
YEARS RESPONSES RESPONSES (%)
<5 11 24.4
5 -9 5 11.1
10 - 14 4 8.9
15 - 20 20 44.4
> 20 5 11.1
*
TOTAL 45 99.9%

The years of project

military respondents is as follows:

RANK YEARS OF EXPERIENCE

management experience for the

1LT
LT
1LT
CAPT
CAPT
CAPT
CAPT
MAJ
MAJ
MAJ

]
W
.
o

1LT MEAN (X)

CAPT MEAN (X)

[}
wn
.
w

MAJ MEAN (X)

]
~
(=]

TOTAL MILITARY MEAN

TOTAL CIVILIAN MEAN

*Percentages do not sum to 100% because of rounding.

w
.

=
OO WHUIW

|

YEARS

YEARS

YEARS

= 5,3 YEARS

16.9 YEARS

RESPONSES

N W N




3. During the period you served as a project manager, how

many contractual work units have you estimated costs

for?
H PERCENTAGE

OF TOTAL

NUMBER RESPONSES RESPONSES (%)

< 10 16 35.6

10 - 19 9 20.0

20 - 29 10 22.2

30 - 39 4 8.9

40 - 49 2 4.4

50 or more 4 8.9

TOTAL 45 100.0%




4. What Research and Development category would you
classify your past and present work units under?
Research (6.1); Exploratory Development (6.2);

Advanced Development (6.3)

PERCENTAGE
OF TOTAL
TYPE RESPONSES RESPONSES (%)
All 6.2 21 46.7
6.1 and 6.2 5 11.1
6.2 and 6.3 16 35.6
6.1, 6.2, and 6.3 3 6.7
*
TOTAL 45 166.1%

The majority of respondents who managed combinations

of work units indicated their primary emphasis was on

exploratory development (6.2) work units.

*
Error due to rounding.




5. What is the average dollar value of your projects?

PERCENTAGE
OF TOTAL
DOLLARS RESPONSES RESPONSES (%)
$100,000 or less 9 20.0
$100,000 to
$1,000,000 33 73.3
$1,000,000 or
more 3 6.7
TOTAL 45 100.0%

Many project managers, especially those who had managed
combinations of 6.2 and 6.3 or 6.1, 6.2, and 6.3 projects
were responsible for projects whose dollar values exceeded
the limits of the three ranges above. For example, the
largest spread reported was $150,000 to $60 million.
However, many project managers specified that the majority
of their work units were of a particular R&D category. In
addition, during the course of the research, it became
evident that most exploratory development programs were

less than $1 million and most advanced development programs
were in excess of $1 million. Therefore, in those instances
where the ranges exceeded the three ranges above, the
responses were placed in the range in which the majority of
the work units were concentrated. Nineteen project managers
reported they had managed projects in excess of $1 million,
however, only three stated the majority of their projects

were S$1 million or more.
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6. Were projects classified as studies, hardware oriented,

or test oriented?

PERCENTAGE
OF TOTAL
TYPE RESPONSES RESPONSES (%)
STUDIES 7 15.6
HARDWARE 4 8.9
TEST 3 6.7
STUDIES & HARDWARE 9 20.0
STUDIES & TEST 3 6.7
HARDWARE & TEST 3 6.7
STUDIES, HARDWARE,
& TEST 16 35.6
*
TOTAL 45 100.2%

*
Error due to rounding.
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7. How many contractors normally respond to your Request

for Proposals?

PERCENTAGE
OF TOTAL
NUMBER RESPONSES RESPONSES (%)
1 - 10 43 95.6
11 - 20 2 4.4
TOTAL 45 100. 0%

The respondents answered this question with either a
numerical range or a specific average number. Because the
numerical ranges were so diverse, the general ranges of
1-10 and 11-20 were used. Thirty-two respondents provided

a single average number which are listed below,.

PERCENTAGE OF

TOTAL (45)
NUMBER RESPONSES RESPONSES (%)

3 8 17.8
4 11 24.4
5 6 13.3
6 3 4.4
7 2 4.4
9 1 2.2
10 1 2.2

TOTAL 32 68.7%
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8. In general, what type of method(s) do you use to
estimate costs?
a. Historical data, such as recent cost proposals
and/or recent contracts of similar scope.

Responses - 35

b. Guidance from experienced project managers.

Responses - 6

c. Experience.
Responses - 15
d. Labor and/or cost information provided by
potential offerors.

Responses - 3

e. Engineering judgment, educated input, gut feel.
Responses -~ 5
f. Division or laboratory level cost estimating
guidelines.
Responses =~ 3
qg. Estimate completed by local {(laboratory or base

level) Financial Analysis Office.

Responses -~ 1

TOTAL RESPONSES -~ 68

NOTE: There are 23 more responses than project managers
interviewed because many respondents used a combina-
tion of cost estimating methods. 1In those instances,

each method received one response.
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How do you estimate labor (manhours/manyears)?

a.

Based on labor required for similar programs and
tailor manhours either up or down depending on
the requirements of new effort.

Responses - 13

Receive guidance from experienced project managers.
Responses - 1
Determine labor required to do the job based on
own experience and/or judgment.
Responses - 7
Break effort down into small work packages or
subtasks and estimate manhours required for each
work package based on experience and/or histori-
cal data.

Responses - 6

Manpower estimates provided by potential offerors.
Responses -~ 4
Manyears required based on historical data and/or

experience.

Responses =~ 16

Gut feel, best guess.

Responses ~ 2

Based on funds available (project manager backs

into estimate).

Responses ~ 3

TOTAL RESPONSES - 52
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9. Continued

NOTE: There are seven more responses than project managers
interviewed because many respondents used a combina-
tion of cost estimating methods. In those in-

stances, each method received one response.
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10. Do you subdivide your labor into various education/

experience categories?

a. Yes
Responses - 30 Percentage - 66.7
b. No
Responses - 15 Percentage - 33.3
TOTAL 45 100.0% ?

Of the 30 "yes" responses 12 project managers indicated the

subdivisions were rather broad, such as senior scientist

versus technician or professional versus technician.




11.

What is your source for the labor rates?

a.

Local (laboratory
Management Office
Responses -
Current contracts
offerors.

Resgonses -

Combination of a.

Responses -

or base level) Business

or Contracting Division.

16 Percentage

35.6

or recent proposals of potential

20 Percentage
and b.

3 Percentage

Potential offerors.

RESEODSQS -

Hearsay from other project managers.

RESEOHSGS -

1 Percentage

1l Percentage

44.4

2.2

Not Applicable ~ Labor rates included in manyear

dollar figure.

Resgonses -

4 Percentage

TOTAL RESPONSES - 45

6.7




12 & 13* What is your source for overhead rates?
a. Local (laboratory or base level) Business
Management Office or Contracting Division.
Responses = 15 Percentage - 33.3
b. Current contracts or recent proposals of potential
offerors.

Responses - 20 Percentage - 44.4

c. Combination of a. and b.

Responses - 4 Percentage - 8.9
d. Potential offerors.
Responses - 0 Percentage - 0
e. Combination of b. and 4.
Responses - 1 Percentage - 2.2
£. Not Applicable - Overhead is included in manyear

dollar figure.

Responses - 5 Percentage - 11.1
TOTAL RESPONSES - 45

Questions 12 and 13 are essentially identical questions
and all respondents gave the same answers for both.
Therefore, these two questions were treated as a single

question in the analysis of responses.
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potential offerors.,

Resgonses -

Responses -

14. How do you estimate material costs?

a. From current contracts or recent proposals of

Responses - 13 Percentage - 28.9

b. a. plus inflation factor or management reserve

*

5 Percentage - 1ll.1

c. a. plus handbooks or vendor catelogs.

'
@
.
O

4 Percentage

d. Using experience and/or judgment.

Responses -~ 5 Percentage - 1ll.1
e. Directly from potential offerors.
Responses - 1l Percentage - 2.2

£. As a percentage of total project amount or

percentage of engineering labor, or part of

manufacturing costs.

ResQonses -

3 Percentage - 6.7

g. Using best guess, gut feel, rule of thumb.

Resgonses -

6 Percentage - 13.3

h. Not Applicable - Material costs normally not a

factor of project manager's contracts, or

material costs lumped together with total

manyear dollar value.

Responses - 8 Percentage - 17.8
TOTAL RESPONSES -~ 45

*
The five project managers provided the following addition-

al information to response b.

128




14.

Continued

a. Inflation factor of 10-15% used.

b. Inflation factor of 10-12% used.

c. Current inflation factor for particular industry
used from U. S. Bureau of Labor Statistics
(11:144).

d. 30% management reserve added to material costs.

e. No specific inflation factor provided.




15. How do you estimate tooling or special equipment
costs?

a. From current contracts or recent proposals of

potential offerors.

Reégonses - 5 Percentage - 1l.1 i
b. Using experience and/or judgment.

Responses - 4 Percentage - 8.9 .
c. Directly from potential offerors. Xt

Responses - 2 Percentage - 4.4 t
d. Using best gquess, gut feel, rule of thumb.

Responses - 4 Percentage - 8.9
e. Not Applicable - Tooling and/or special equipment

costs normally not a factor of project manager's
contracts, or these costs are lumped together z

with total manyear dollar value,

Responses - 30 Percentage - 66.6
TOTAL RESPONSES - 45

130




l6. How do you estimate travel costs?
a, Estimates of the number of trips reguired by

the contractor, the number of persons required

per trip, plus per diem rate, plus airline fares,
plus car rental, etc., are made based on past

experience and historical data.

Responses - 35 Percentage - 77.8

b. Using a fixed amount*
Responses - 3 Percentage - 6.7
c. Using best guess, gut feel, rule of thumb.
Responses - 1 Percentage -~ 2.2
d. Ignored because travel costs are usually

insignificant, or because travel costs are

lumped together with total manyear dollar value.

Responses =~ 6 Percentage - 13.3
TOTAL RESPONSES -~ 45

*

All three respondents used a fixed travel cost of $1,000

per trip. It is interesting to note that the respondents
were from three different laboratories (Armament, Materials,

and Rocket Propulsion) which are widely separated geo-

graphically.
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17.

How do you estimate computer costs?
a. From current contracts or recent proposals of
potential offerors.
Responses - 13 Percentage - 28.9
b. Based on estimate provided by local (laboratory

or base level) computer center.

Responses - 6 Percentage - 13.3
c. Combination of a. and b.
Responses ~ 7 Percentage - 15.6
d. Using best guess, gut feel, rule of thumb.
Responses ~ 5 Percentage - 1l.1
e. Directly from potential offerors.
Responses - 1 Percentage - 2.2
£. Combination of b. and c.
Responses - 1 Percentage - 2.2
g. Not Applicable - Computer costs are normally not

a factor of project manager's contracts or these
costs are lumped together with total manyear

dollar value.

Responses - 12 Percentage - 26.7

TOTAL RESPONSES - 45
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a.

18. What is your source for General and Administrative {G&A)

rates?

Local Business Management Office or Contracting
Division.

Responses =~ 15 Percentage - 33.3
Current contracts or recent proposals of potential
offerors.

Responses =~ 13 Percentage - 28.9

Combination of a. and b.

Responses ~ 3 Percentage - 6.7
Not Applicable - G&A rates included in manyear
dollar figure or lumped together with overhead

rate.

Responses -~ 14 Percentage - 31.1

TOTAL RESPONSES - 45




19, Do any of the above estimates include inputs from

potential offerors?

a. No
Responses -~ 27 Percentage - 60.0
b. Yes ‘
Responses =~ 18 Percentage -~ 40.0 |
|
TOTAL 45 100.0% ‘
Six of the "no" respondents said that in some situations

potential offerors do provide some cost estimates. The
situations mentioned by the respondents were: sole source
procurements, unsolicited proposals, draft Requests for
Proposals, or instances where the contractor provided cost

estimates for future unfunded work which later became a new

contractual effort.
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20. What is the main cost driver of your work units?
a. Labor, engineering labor, manpower

Responses =~ 37 Percentage =~ 82.2
! b. Overhead

Responses -~ 1 Percentage -~ 2.2

c. Hardware

Responses -~ 1 Percentage - 2.2
d. a., and b.

Responses - 3 Percentage =~ 6.7
e. a. and c.
} Responses - 1 Percentage - 2.2
; £. Test Support
‘ Responses -~ 1 Percentage - 2.2
g. Technical Uncertainty
Responses - 1 Percentage - 2.2
TOTAL 45 99.9%"

*
Exrror due to rounding.




21.

Do you receive JOCAS

a.

Yes

Responses
No

Responses
Not Sure

Responses
TOTAL

information periodically?

- 43 Percentage - 95.6

- 1 Percentage - 2.2
- 1 Percentage - 2.2
45 , 100.0%

136




22.

Do you use the JOCAS information in making your cost

estimate for new contractual efforts?

a. Yes
Responses - 3 Percentage - 6.7
b. No
Responses - 40 Percentage - 88.9
c. Somewhat |
Responses - 1 Percentage - 2.2
d. Not Applicable - Does not have access to JOCAS
Responses - 1 Percentége - 2.2
TOTAL 45 100.0%
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23.

Do you use any particular form or format such as

DD 633-4, AFWAL 28, AFFTC 296, or AFWL 95 to assist

you or to record your estimate?

a. Yes (Local Form)
Responses = 19 Percentage - 42.2
b. Yes (DD 633-4)
Responses - 6 Percentage - 13.3
c. Nol
Responses - 20 Percentage - 44.4
TOTAL 45 99.9%2

Eleven of the "No" respondents said they completed some
informal, scratch pad type, documentation of the cost
estimate.

Total percentage does not equal 100% due to rounding

exror.
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24, Do you retain your initial cost estimate in your work
unit folder?
a. Yes (Local Form)
Responses - 17 Percentage - 37.8

b. Yes (DD 633-4)

Responses - 8 Percentage - 17.8

c. Yes (Informal Estimate)

Responses - 4 Percentage - 8.9

d. No -~ No documentation of estimate is retained.

Responses - 16 Percentage - 35.6

TOTAL RESPONSES - 45
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25. 1In general, by what percentage does the offeror's
proposed costs differ from your estimated costs?
a. The offeror's costs are generally higher by the

following percentage:

PERCENTAGE (%) RESPONSES
5 - 10 2
10 2
10 - 15 2
10 - 20 5
15 1
15 - 20 1
20 3
20 - 25 1
20 - 40 1
25 4
25 - 30 2
30 1
50 or more 1
5 = 200 Y
TOTAL 27

b. An even distribution exists between overbids

and underbids by the following percentage:

PERCENTAGE (%) RESPONSES

5 - 20 1
10 3

20 2

30 2

30 - 50 1
TOTAL 9

c. The offeror's proposed costs differ from the

program manager's estimated costs within the range of 30%

less to 100% more.

Responses - 1
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25. Continued
d. No specific percentage was provided by the program

*
manager interviewed.

Responses - 8

TOTAL RESPONSES - 45

Five respondents said they could not provide any particular
percentage because they were not sure or did not know what
the percentage was. One respondent said the offeror's
proposed costs could be as much as 100% above the project
manager's costs. One respondent said the offeror's
proposed costs are quite often on the high side. Finally,
one program manager indicated the difference is surprising-

ly small.




26.

What do you feel are the primary factors that contribute

to the differences between your estimate and the

offeror's proposed costs?

a.

The potential offerors misinterpret the Statement
of Work.

Responses - 10
The potential offerors propose a different level
of effort because of some technical insight that
is unknown to the project manager.

Responses - 3
Pressure competition. The potential offerors
underbid in order to win the contract.

Responses =~ 3
The potential offerors propose a "glamorous"
program.

Responses - 1
Offeror's lack of experience with government
contracts.

Responses - 1
The potential offerors add a management reserve or
contingency factor which the project manager does
not consider in his estimate.

Responses - 2
The project manager inaccurately estimates the

manhours or labor rates.

Responses - 10




26.

Continued

h.

The project manager inaccurately estimates the
overhead rates.

Responses - 9
The project manager inaccurately estimates the
inflation rate.

Responses -~ 6
The project manager inaccurately estimates
materials, hardware, subcontracting costs, or
fee.

Responses - 4
The project manager fails to consider fringe
benefits in his estimate.

Responses - 1l
In general, the project manager makes a poor cost
estimate or is overly optimistic in his estimate.

Responses - 3 |
The project manager is forced to make a low
estimate due to the limited funds available.

Responses - 2

The lack of a consistent cost estimating model.

Responses = 1l

TOTAL RESPONSES - 56




26. Continued

NOTE: There are 1l more responses than project managers
interviewed because some respondents provided more
than one factor. If a project manager provided two
or more factors then each factor received one

response.
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27. Is the difference between your estimate and the

offeror's proposed costs due in part to the offeror's

misinterpretation of the Statement of Work (SOW)?

*
a. Yes

Responses - 34 Percentage - 75.56
b. No

Responses - 11 Percentage - 24.44

TOTAL 45 100.00%

*Of the 34 project managers who answered "yes" to this
question, 1l said misinterpretation of the SOW occured only
"occassionally", "not very often", or "to some extent." In
addition, four project managers stated that although mis-

H interpretation of the SOW did occur, they did not consider

it a problem.
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28. If your estimate does not agree with the offeror's
proposed costs, do you attempt to determine, in detail,
why and where the differences exist?

a. Yes - in detail

Responses - 32 Percen.age - 71.1

b. Yes - but not in detail

Responses -~ 7 Percentage - 15.6

C. Yes - but only if the cost differential is so

great it would prohibit funding of the project.

Responses - 3 Percentage - 6.7

Responses - 3 Percentage - 6.7

TOTAL RESPONSES - 45
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29. At contract completion, do you compare actual costs
with your original estimate and/or the contractor's

original estimate?

a. Yes
Responses - 16 Percentage - 35.6
b. No
Responses - 26 Percentage - 57.8
c. Sometimes
Responses - 3 Percentage - 6.7
TOTAL 45 100.1%"

*
Error due to rounding.
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30. Do you feel you have adequate information and/or tools

at your disposal to accurately estimate labor and

costs?

a. Yes
Responses - 25 Percentage - 55.6

b. No .
Responses - 12 Percentage -~ 26.7

c. To some extent )
Responses - 7 Percentage - 15.6

d. Not sure

Responses - 1 Percentage - 2.2

TOTAL 45 100.1%"

*
Error due to rounding.
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31.

Do you feel you have sufficient time to accurately

estimate costs?

a. Yesl
Responses =~ 36 Percentage - 80.0
b. No
Responses - 7 Percentage - 15.6
c. Sometimes
Responses - 2 Percentage - 4.4
TOTAL 45 100.0%°

Four of the respondents indicated that if there is not
sufficient time to make an accurate estimate, they will
"make" the time at the expense of other duties.

Error due to rounding.
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How do you handle the uncertainties in the estimating

process?

a.

Add a contingency factor, management reserve, or
inflation factor.

Responses - 23 Percentage - 51.1

Estimate conservatively or on the high side.

Responses - 9 Percentage - 20.0

Make a best guess estimate based on experience.

Responses - 3 Percentage - 6.7

Not Applicable - The most realistic estimate

possible 1s made.

Responses =~ 10 Percentage -

TOTAL RESPONSES - 45




How constrained are you by earlier cost estimates,

such as those made during the planning cycle?

a.

Very constrained

Responses - 14 Percentage

Moderately constrained

Responses = 8 Percentage

Somewhat or not very constrained

Responses ~ 11 Percentage

Not constrained at all

Responses - 12 Percentage

TOTAL 45

26.7

100.0%




34, Summarize your perceptions of the weaknesses in the

current cost estimating process.

a. There are no tools, models, guidance, or training

to assist the project manager. ,

L Responses - 10
‘ b. The project manager's original planning esti-

mate, which is generally crude and inaccurate,
is considered a firm estimate by management and
one which the project manager is forced to abide
by.

Responses = 9

The project manager does not have the technical

0

or cost insight required to accomplish the

project goals that industry has.

Responses - 4
d. The project manager must use average rates which

often differ significantly from the rates

actually proposed by the bidders.

Responses - 3 i
e. The project manager must rely on the costs of

previous projects which are not always accurate

or up-to-date.

»
Responses - 3
£. Some project managers lack the experience in !

estimating costs.

Responses - 3

152




34.

Continued

g.

The high turnover rate results in loss of cost
estimating experience.
Responses - 1
The project manager is unable to specifically
define the level of effort required to accom-
plish the goals of the project in the Statement
of Work.
Responses - 1
An accurate cost estimate is difficult to make
due to the uniqueness of each project.
Responses - 1
A new project is constrained by the funds avail-
able not by the estimate of what the project
will cost. Consequently, there is little value
in attempts to accurately estimate costs.
Responses - 3
Policies which prohibit cost and/or manhour
discussions with potential offerors, prior to
the issuance of the Request for Proposal are too
restrictive.
Responses - 3
The new formalized cost estimating procedures
place an additional paperwork burden on the
project manager with no significant increase in

the accuracy of the estimates.
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34. Continued

Responses - 2

m., Management is under the false impression that

cost estimating is quantifiable when, in fact,
cost estimating is a result of experience.
Responses - 1
n. Management does not place enough emphasis on 4

the cost estimating process.

Responses = 1l
0. There are no weaknesses in the current cost

estimating process.

Responses - 6
TOTAL RESPONSES -~ 51

NOTE: There are six more responses than project managers
interviewed because some respondents identified

more than one weakness. In those instances, each

weakness received one response.




35. What recommendations do you have to improve the

current cost estimating system?

a.

B

Provide the project manager access to a computer
data bank that contains manhours and costs for
past programs and is relatively uncomplicated
and simple to use.
Responses - 10
Provide the project manager with guidance or
formal training in cost estimating methods or
procedures.
Responses - 6
Provide a staff of cost analysts to assist
project managers in making their cost estimates.
Responses ~ 5
Provide the project manager with the flexibility
to update his initial planning estimate.
Responses -~ 6
Reduce the restrictions which prohibit discussion
between project managers and potential offers.
Open discussions concerning cost and manhours
would significantly reduce the differences
between the project manager's estimate and the
proposed costs.
Responses = 5
Decrease the procurement lead time. This would

reduce the errors resulting from rate increases
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35.

NOTE:

Continued

that occur from the time an estimate is made and

the time the bidder‘'s submit proposals.
Responses - 2

The cost estimates made by inexperienced project

managers should be reviewed by supervisors or

experienced project managers.

Responses - 4

Use Draft Request for Proposals.

Responses - 1

No recommendations.

Responses - 13

TOTAL RESPONSES =~ 52

There are seven more responses than project managers
interviewed because some respondents provided
several suggestions for improvement. In those

instances, each suggestion received one response.
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APPENDIX D
Selected Forms and Formats Used to

Record Cost Estimates




In this Appendix several forms and/or formats used

throughout the Air Force laboratories are presented. The

DD 633-4 shown on pages 160 and 161 was a required item to be
submitted by potential offerors when bidding on a proposal.
(This form was rescinded in July 1980.) The DD 633-4 is

also used by several laboratories to record the project
manager's original cost estimate or the estimate accompany-
ing the RFP. The form requires subestimates to be performed
for materials, overhead, and direct labor, travel, etc.

The Air Force Flight Test Center (AFFTC) Form 296,
used at the Rocket Propulsion Laboratory, is found on page
162. The AFFTC 296 is similar to the DD 633-4 but requires
a detailed break out of engineering labor and manufacturing
labor by various education and experience categories.

The cost estimating format used at the Armament
Laboratory is also similar to the DD 633-4 and AFFTC 296
(see pages 163 and 1l64). It is accompanied by a set of
instructions describing how the form is to be completed.
While the instructions are not explicit, they provide the
inexperienced project manager with some guidance.

Finally, an estimate of considerable detail,
relative to the three previous estimates, can be found on
pages 165 through 176. It is a good example of a baseline
estimate because it includes: (1) The technical objectives
to be achieved (2) A schedule to be maintained, and (3) The
resources to be expended. The estimate was developed by
Mr. Rudi Berndt of the Flight Dynamics Laboratory. The
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estimate begins with an outline of the Statement of Work (SOW)
(Pages 165 through 168), followed by a resources/milestone
chart (page 169). On pages 170 through 175 an estimate for
each phase of the project is shown. These phase estimates
are also similar in format to the DD 633-4 and AFFTC 296.
The next page, page 176, presents a cost estimate for the
laboratory management support, broken out by phases. Page
177 is a summary of the estimate and the rationale for the
cost estimate., The last page is not a part of the Flight
Dynamics Laboratory cost estimate. It is inserted to
illustrate the type of rate information that can be provid=-
ed to the project managers to assist them in their estima-

ting.
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PROGRAM ESTIMATING

ESTIMATOA, OFFICE SYUBOL AND PHONE NG,

JUHN J. JONES

CSTINATE DATE

DETAIL SNEEY Argpp_/nm 11 Oct 77
32837
PURCHASE REQUEIT NUMBER ZSTIMATED PROGRAM MIOPOINTY OF EFFOAT ESTIMATE FOR TOTAL PROGARAM onfﬁ
PHASE/TASK
July 1978

Total Program

DETAIL DESCRIPTION OF COST ELEMENTS

1. DIRECT MATERIAL estcost o | 000,
A, PURCHASED PARTS 10,000 RNSE
5. SUBCONTRACTED ITENS WU L
. MAW MATERIAL 5,030 DS
TOTAL DIRECT MATERIAL T8 28,000
2 DIRECT LAGOR CATEGORIES (e Appeasie) TESTIMATED | hovh cosrm bR
A. ENGINEERING LABOR CATEQORITS J o )
(8] PuDes, JA Mok, IR BSITQOR 14 YA EQUIVALENT EXPERIENCE 12.9N N R
(2) uDe2, IM NSes, OR 8348 OR 12 YAS EIUIVALENT EXPEMENCE 2,080 12.7 26,437 ) Sy
(3] PHO, CR VSeZ, OR BS46 C1 10 YAS EQUIVALE MY EXPERIENCE 12.10 v
i (4) MS, CR 8544 OR § YRS EQUIVALENT WORK EXPERIENCE 12.05 P
[ 3} 8342 YAS OR EQUIVALENT WORK EXPEMIENCE 4,000 11.90 47.600 -
} (€} ENTAY LEVEL, 8BS CR EQUIV WORK EXPERIENCE 10.89 RE
) ELEZTRONIC, TEST, MECHANICAL TECHNICIAN, ETC. T 11 -10 T
8 TECHMICAL WRITER, DRASTSMAN, COMPUTER OPERATOR, ETC. 9.78 J' ’
B. MANUFACTURING LASOA CATEGORIES J
(1) MANUFACTURING ENGINEER 9.20 il
@ romeurn 1,600 8.66 | 13,836 D |
o1 roumeCvaan 4,800 8.27 | 39,69 t
W assaentice = | I 8.11 r H . ._;«!
5) sEmIesKILLED ! 80O 1 s.2% | 579 P __;4
61 UMsRILLED i T 8.33 T R T B |
TITAL DIRECT LABOR _ e e el i 133,381
. LABOR OVERWEAD | oM. RATE | aBask=  JESTCOSTay P o L iLY
A, ENGINEERING { 140 I 76,037 ; 103,651 : —-.\‘.-P
+_wanvracTuning 225 | £9,34z | 133,528 | __ - |
i [
TOTAL LABOR OVEAMEAD 5 NN 237,175
o ComPyTER 3,500
s, SPECIAL EQUIPMENT/TOOLING 2,013
¢ TRAVEL 780
7. CONSULTANTS 0
2. OTHER DIRECT COSTS EST COST (3) ..
TES 478 Cost of Monay 10,601 [ 3
TOTAL OTHER DIRECT COSTS [~ 10,691
' YOTAL DIRECT COST AND OVERNEAD 415,540
16, GENERAL AND ACWINIITRATIVE EXPENSE Nore 40 - 166,216
0, TOTAL ESTIMATED COSY 581,756
1. FEE OR PROFIT 8Y 46,247
N TOYAL ESTIMATED COST anD #EE oR proFiT | 627,099

AFFTC 1229, 296
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ENGINEERING ESTIMATE

TOTAL MATERIAL
Direct Material
Raw Material
Purchased Parts
Subcontracted Items
Other
Material Overhead
TOTAL LABOR
Direct Labor
Labor Overhead
Testing
Special Equipment
Travel
Transportation
Per Diem or Subsistence
Consultants
General and Administrative
Fee or Profit

TOTAL
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INSTRUCTIONS

1. List the paterials required to do the job, and their cost. List all
items to be subcontracted and the expected cost.

2. Estimate material coverhead. Multiply overhead rate times total
direct material. e ; . R

3. List the major tasks to be performed, and the hours associated with
each, along with the rate expected per hour. Multiply estimated hours
times the expected rate per hour to arrive at the estimated cost.

4, CEstimate labor overhead. Multiply overhead times total direct
labor.

5. List any testing requirements expected, along with the anticipated
cost.

6. Identify the type and cost of any Special Equipment necessary to
complete the progran.

7. Estimate the nurber of trips to be accomplished during the life of
the contract and the cost of each trip.

8, Llist any ccnsultants required, along with their fee. Describe the
purpose for each consultant.

9. General and Administraive Zxpense may be estimated by the percentage
of the 2ost of 3ll the azhove noted areas. 7To arrive at this percentage,
call Lt Stecne (382-U4623) or Procurement (2-4141) to discuss the rates
associated with the specified types of contractors expected to respond.

10. Estimate the Fee or Profit to he associated with this contract.
This normally depends on the type of contract to be let. Use the
following chart to estimate:

FFP Building of an item 12-13%
FFP Researzh Only 5-89
CPFF Moatly Research 5-9%
Cprr Heed for State of Art

Knowledge 9-101%
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R

SQW QUTLINE 2 Oct 80

ADVANCED HIGH TEMPERATURE RESISTANT TRANSPARENCIES FOR NIGH SPEED AIRCRAFT
1.0 INTRODUCTION (OBJECTIVE)
a. Overview of technical area
b. Need for this program.
(1) Requirement
(2) Present state-of-the-art
(3) Data voids
¢. What must be done
d. Specific program objective
e. Specific program payoff to Air Force
2.0 SCOPE (QVZRALL PICTURE OF BESIRED WORK)
2. Suiliie vl phuses il lusas
b. Specific technical objectives
¢. Limitations
d. Desired products J
3.0 GENERAL BACKGRQUND
a. Background necessary to understand requirement§
b. How did procurement arise
c. Relationship to other programs
d. Importance of this new work
e, Techniques previously tried
(1) Successful cnes
{2) Unsuccessful ones
f. Listing of applicable technical reports
4.0 TECHNICAL REQUIREMENTS/TASKS
4.1 Task | - General Thermal Analyzer Program (GTAP)

a. Select state-of-the-art GTAP

165




b. Operate GTAP using existing data
c. Deliver GTAP to WPAFB

d. Define requirements for Specific Thermal Analyzer Program for
Aircraft Transparencies (STAPAT)

(1) Sensitivity analyses using GTAP
(a) Heat transfer coefficient
(b} Recovery temperature
(c) Material thermophysical properties
(d) Latteral and longitudinal distributions
(2) Capabilities desired
(2) Input variables and format
(b) Range of applicability
1. Marh numher
2. Geometry
3. Heacing types
a. Aerodynamic . ‘
b. Runway
¢, De-ice/de-fog
d. Active cooling
4. Dimensionality
(¢} Tie-in to MAGNA
(d)} Subroutine manipulation
{e) Output variables and format
(3) Voids and weaknesses
(a) Program operation
{b) Aerothermodynamic subroutines
4.2 Task I1 - STAPAT Operation

a. Develop input subprograms




b. Develop subroutine manipulation program
¢. Develop output subprograms
d. Demonstrate operation with existin; subroutines
‘e. Deliver STAPAT to WPAFB
f. Develop programs for new subroutines
4.3 Task III - STAPAT Aerothermodynamic Subroutines

a. Develop needed subroutines from existing analytical and empirical
~ calculation techniques

(1) Inviscid aerodynamics
(2) Viscous aerothermodynamics
(3) Heat transfer mechanisms
(4) Material thermophysical properties
b. Develop needed subroutines from Wind Tunnel Test Program
(1) Program definition/requirements
(a) Fuselage
(b) Windshield/canopy protuberance
(¢} Corner/3-0 effects
(d) Windshield/canopy interface
(e) Test plan
(2) Mode) design and fabrication
(3) Wind tunnel tests
(4) Data analysis
(5) Subroutine development
c. Develop needed subroutines from Materials Properties Test Program
4.4 Task 1V - STAPAT Demonstration

a. Incorporate new subroutines

b. Demonstrate STAPAT




(1) Operation
(2) Thermal performance prediction
c. Define new state-of-the-art
e. Deliver STAPAT to WPAFB
4.5 Other Areas of Consideration
a. Reliability and Maintainability
b. Systems Safety
c. Design to Cost and Value Engineering
5.0 REPORTS, DATA, AND OTHER DELIVERABLES
6.0 INITIATION OF CONTRACT MEETING
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0. IHITIAL COST ESTIHATC '
pace T : (1) CXTRATIRAL PROGISM prIE 7 Oct 80
. CONTRACT COST
PHASE _1__, _General Thermal Analyzer Program PERIOD 6 MOGTHS
1. Labor Engincering (Direct Labor) (Sce tote 1)
Professional 700 Hrs 0 § 20 /tir = $14,000
Technician _160 Hrs @ § 15 e = §
Administrative 60 Hrs 6 ¢ 15 fiir = § __a00
. JOTAL DIRECT LATOR  §17,300 $ 17,300
2. Labor Qverhead - Engineering ) 1

Overhcad Rate _ 120 % of Total Direct Labor Cost  § 20,760
S. interizlz [Szp Wata 2) . )
Purchased Parts $
Raw Haterials $
Subcontracted ltems : $

‘ TOTAL MATERIALS | $__0

e

4, Haterials Overneed )
- -
Overhead Rate ¥ of Total Materials Cost $ 0

6. Coiwsultents (Sce Hote 3)

- Days x $ [Day .= 8 0
6. Other Direct Costs (Sce Hote 4)
Computer Usage : $ 10,000
Printing $ ¢ :
Other 40 - ¥
TOTAL OTHUR DIRTCT COSTS $10,000 $ 10,000 S
7. Travel (Sce lote 5) $ _1.940

SUC-TOTAL  $ 50,000

8. General and Administrative (GMA)
G3A Rate _20 % of Sub-Total $ 10,000

10TAL ESTIMAMLD COST ¢ 60,000

IR SR




0. INITIAL COST LSTINATC .
PAGE 2 (1) CXTIAMRAL PROGIAN DATL 7 Oct 80

1. CORTRACT COST

PHASE 2 , STAPAT Operation PCRIOD 17 HOLTIS

1. Llabor Engincering (Dircct Labor) {Sce Note V)
Professional 500 Hrs 0 §2 /Mr= § 12,500
Technician 89 Hrs 8§ 29 Mr= & 1,600

Adminictrative 45 Hrs 0 $ 20 Mro=§ 9

$

TOTAL DIRECT LAZOR 15,000

Labor Overhead - Engincering
Overhcad Rate 125 % of Total Direct Labor Cost
" Materials {See Note 2) .
Purchased Parts

Subcontracted ltems
TOTAL FATCRIALS

$

Raw Haterials $
’ $

H]

Materials Overiead
Overhead Rate ¥ of Total Materiais Cost

Consultants (Sae Note 3)
Days x $ [Day
Other Direct Costs (Sce Rote 1)
Computer Usage : : $ l_l_.iJg_Q_
Printing \ $ 0

Other -$ i}
TOTAL OTUIR DIRCCT COSTS $ 11,000 $11,000
1,650

Travel (Sce Mote 5) $
SUG-TOTAL $46,400

General and Administrative (GSA)
G&A Rate 25 % of Sub-Total $11.600

TOTAL LSTIAILD COST




0. IRITIAL COST ESTIMATC
PAGE 3 . (1) CXTWISRAL PROGIVM PDATE 3 Oct 80

B

1. CONTRACT COST
PHASE 3 > _STAPAT Aerothermo Dynamics PERICD 20  WONTNS

1. Labor Engineering (Direct Labor) (Sce lote 1)
Professional 1000 Hrs 0 § 25 Jhir = $25.000
Technician 500 Hrs @ § 29 Mr o= $10,000

Adminictrative 100 Hrs 8 $ 29 /Mr =S 2000 '
TOTAL DIRECT LADOR  §37,000 ¢ _37,00 .
2. Labor Overhead - Engincaring ' 5

Overhcad Rate _125 % of Total Direct Labor Cost  $ _46.250

|

3. Materials ({See Hote 2) , !
Purchascd Parts $ 0 :

Raw laterials ' $5,000 - :

Subcontracted ltems ; $50,000 |

TOTAL PATERTALG ¢55.000 $ 55,000 ’

4, Materials Overnhead .
Overhead Rate _35 % of Total Materials Cost $ 19,250

6. Ccnsultants (Sce Note 3)
Days x $ /Day o= $__ 0
G; Other Direct Costs (Sco lote 4)

Computer Usage $ 0
Printing $ 0
Other -$ 0 : '
, TOTAL OTHER DIRCCT COSTS $ 0 $ 0
7. Travel (Sce Note 5) ¢ 2,500 :

SUG-TOTAL $160.000
8. General and Administrative (GSA)

GSA Rate 25 % of Sub-Total ¢ 40,000

107AL CSTIMNIED COST $200,000
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IRITIAL €OST ESTIHATC
(1) EXTIFURAL PROGEAN

o.
PAGE _4

1. CONTRACT COST

-~

DATC 7 Oct 80

PHASE 4 ,  STAPAT Demonstration PERIOD 5 KOUTNS
1. Labor Engineering (Dircct Labor) (S’co Nate 1)
Professional _250 Hrs 0 §$ 30 Mr = $7,500
Technician 40 Hrs @ $ 25 /e = $1.000
Administrative __20 Ilrs @ § 25 /Mr = $ 500
TOTAL DIRECT LADOR  $9,000 $ 9,000
2. Llabor Overhead - Engincering
. Overhcad Pate _130 % of Total Direct Labor Cost  § 11,700
3. aterisl: Sz Mot ) .
Purchascd Parts $ .
Raw Haterials $
Subcontracted Items $
TOTAL PATERIALS.  § 0o $ Q
_4. ‘ Materials Overiead
Overhead Rate % of Total Materials Cost $ 0
5. Coisuliants {Sce fote 3)
 _Daysx$§ ____ [Day = 0
6; Other Dirvcct Costs (Scc Note 1)
Computer Usage ' $°8,000
Printing $ 0
Other “$ 0
TOTAL OTHIR DIRCCT COSTS $ 8,000 $ 8,000
7. Travel (Sce tote 5) $ 2,069
SUB-TOTAL $30,769
8. Genera) and Administrative (€RA)
G8A Rate 30 % of Sub-Total $ 9,23
_'IOTI\L CSTIMAICD COST $0,000
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0. IHITIAL COST ESTLATC
PAGE _5 : (1) EXTREZIGL PROGIAM prlg 7 Oct 80

1. CONTRACT COST
PHASE 5 -,  Data Requirements PLRIOD 32 WONTHS

1. Labor Engineering (Diract Lator) {Sce tate 1)
Professional _160 Hrs 00§ 25 iy = § 4,000
Technician 0 Hrs@$_20 /r=$___ 0
Adminictrative _700 Hrs @ $ _20  /flr = $14,000

" YOTAL DIRECT LADOR  $18,000  $ 18,000

2, Labor Qverhead - Engincering
Overhcad Pate 125 % of Total Direct Labor Cost  $ 22,500

e, .- . - LI "~y
J. Faieriais \out nmwee o,

Purchased Parts $
Raw lMaterials $
Subcontracted Items ’ $

' $

[ 11

YOTAL BATCRIALS $ 0
. A, !> .erials Overhead .
- Overhead Rate % of Total Materials Cost $ 0
5. Coisultants (Sce Mote 3)
- Days x $ /Day Y 0
6; Other Divect Costs (Scc Note 4)
Camputer Usage ' 80
Printing $ 2,000
Olhc!‘ '521009
TOTAL OTHIR DIRCCT COSTS $4,009 $4 009
7. Travel (Sce Note §) $ 0

SUG-TOTAL $44,509

8. Genera) and Administrvative (GSA)
$11,127

GSA Rate 25 % of Sub-Votal

————

TOTAL TSTHIICD COST $5.636




D. INITIAL COST CSTIMATE
PAGE _§ (1) EXTRAMURAL PROGIR:H DATC 7 Oct 80

1. CONTRACT COST (Cont'd)

9. Total Program Cost
Phase 1 Total Estimated Cost (G TAP) $ 60,000
Phase 2 Total Estimated Cost (Operation)§ 55?660
Phase 3 Total Estimated Cost (AERO) $ 200,000
Phase 4 Total Estimated Cost (DEMO) $ 40,000

Phase 5 Total Cstimated Cost (DATA) $ 55,636

Phase 6 Total Estimated Cost $

Phase 7 Total Estimated Cost $ .

Phase 8 Total Estimated Cost $

Phace Q@ Tntal Fgtimated fact ¢t

rhase 10 Total Estimated Cost $
TOTAL ESTINATID COST $ 413,636 $ 413,636

10. Profit or fec 41368

__10 2 of Tota) Estimated Cost ) $ '

TOTAL ESTINATED CONTRACT COST § 455,000

13, COST ES“IBATL FOR TIST AND EVALUATION (T&F) SUPPORT

1. Reimbursement to AFSC Test Center (See fiate 6)

Funds Required in FY 82 $ _50,000
Funds Rcquired in FY 83 v $ 100,000
Funds Required in FY $

2. Reimburcement to Other Test Facilities (See Hote 7)

Funds Required in FY $
Funds Required in FY $
Funds Requived in FY $
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" D. INITIAL COST ESTIMATE

PAGE _7 {1) EXTRAHURAL PROGRAM oATE 7 Oct 80
I11. COST ESTIMATE FOR LABCRATORY MALAGTHELT SUPPORT
1. _Phasé A, PURCHASC REQUEST PREPARATION FY 81
a. SWE 80 hrs@$ _25 /ur=$ 2,000 -
b. Travel (See Note A) $ 0
2. Phase B, PROGRAM APPROVAL/IRITIATION FY ﬂ_
a, S4E 20 Hrs @S _25 /e =¢ _ 500
3. Phase C, PROPOSAL EVALUATICH FY 81
a. S _80 Mrs @ §_25 /Hr=$ 2,000
4: Phase D, PERFORNANCE PERICD : FY 81
a. Seac Z8g Wrz ¢ _oe /Mr=$ 5,000
b. Travel (See lote B) o $ 1,000
¢. Other (See Hote C) $ 0
: FY 82
a, S 700 mes @ $ 27 sir = $18,900
b. Travel (See Note B) $ 2,000
c. Other Mission Support (See tote C) $ 0
FY 85
a, S&C 700 Hrs 6 § 30 /Hr= 21,000 °
b. Travel (Sce Mote B) $ 2,000
c. Other Mission Support {See Not: C) $ 0
Py 84
a. SKE 200 Hrs @ & 33 /Ur=$ 6,600
b. Travel {See Note B) $ 1,000
c. Other Hission Support (See Note C) ’ $ 0
5. Phase ', TLCUNICAL RLPORT REVICY ’ Y 84
a. SNE _80 frs @ $ __33 /I = $ 2,640
b. Travel (Sce fote B)
6. Phasc G, TECUNICAL RCPORT PUBLICATION - FY 84
a., SAE _40 Mrs 0§ 33 /ir = §1,320
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D. INITIAL COST ESTIMATL

oce 8 , y (1) EXTRAHURAL PROSRAN DATE _7 Oct 80
it

TOTAL PROGPAM COST/PEQUIREMINTS DY FISCAL YCAR ($K)

Iv.
FY 81 Frs FYsy Frga FY__  TOM

1. CONTRACT 5,000 150,000 200,000 50.000 455,000

2. T4E SUPPORT 0 50,000 100,000 0 150,000
TOTAL 55,000 200,000 300,000 50,000 605,000

"3, MISSION SuPT 1,000 2,000 2,000 1,000 __6.000

{Less Payrol

w_ DATIONALE FOR CNST [STTMATE DEVELOPNSHT

Cost estimates for phases were based upon information from a recent cost
proposal on a similar R&D effort oy a major airframe company. Projected
inflation rates were included.

Laboratory managemant support cost estimates were based upon recent expendi-
tures for a similar contract effort.

Costs by fiscal years were based upon the :stimated contract cost as a
. function of time, witk allowances for estimatiiy errorsy and delays in obligation
of funds, so that stop-work situations can be 1voided. -

Review Date _Aaiy 510

. nit, _ 4D
Div. Ini o
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